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Abstract 
In this thesis, the results of dielectric studies on a number of aliphatic 
alcohol molecules with variable chain lengths are presented. This investigation was 
complemented by infrared and viscosity measurements. Dielectric studies were 
confined to the radio frequency range using an H.P. 419 lA RF Inpedance Analyzer. 
The experimental data, as a function of frequency and temperature, were subjected to 
analysis by a series of computer programs written in APL language. The activation 
energy barriers for the dielectric relaxation were obtained by application of the 
Eyiing rate equation. 
Initially, a number of pure liquid alcohol molecules were studied with 
increasing chain length in a wide temperature and frequency range. The effect of 
size on the relaxation parameters could then be revealed. In all cases a Debye type 
process was observed which is in accordance with the literature report 
A few of these alcohols were also studied in a variety of solvents ranging 
from inert to stongly interacting. The experimental relaxation times were compared 
with the theoretical ones obtained using Higasi's theory of the dielectric relaxation 
mechanism. Furthermore, the relaxation parameters were analysed in terms of 
solute-solute and solute-solvent interactions. 
The importance of chain length on the associative equilibria was examined. 
Methanol, which has no chain length and no intramolecular motion within the 
experimental temperature and frequency ranges, was selected for this purpose. A 
detailed dielectric study for this alcohol was carried out in different media. 
An attempt was made to gain insight into the impact of steric hindrance on 
the relaxation times and energy parameters. Small alcohols were substituted by 
i 
larger alcohol molecules in three component systems. The position of the dipole 
was varied for different alcohols in two component systems. These studies 
constitute the latter part of this thesis. 
u 
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CHAPTERI 
INTRODUCTION AND THEORY 
Introduction 
Hydrogen bonding occurs between a proton donor group A-H and a proton 
acceptor group B, where A is an electronegative atom, and B is the lone pair of an 
electronegative atom or a jc-electron orbital of an unsaturated system. There are 
two types of hydrogen bonds: 1) intramolecular, involving donor and acceptor sites 
within the same molecule (ie. ethylene glycol, salicylaldehyde) and 2) 
intermolecular, involving two or more separate molecules (ie. water, alcohols, 
phenols). Intermolecular H-bonds can yield two different types of multimers: (a) 
open/linear, where the monomer units are joined together linearly and (b) 
cyclic/closed, where the multimer formed by association is cyclic. 
Infrared and nuclear magnetic resonance spectroscopy have provided 
sensitive means of detecting H-bond formation and have been extensively used for 
both qualitative and quantitative studies of H-bonded systems. Dielectric relaxation, 
however, is becoming an increasingly useful tool for studying the hydrogen bonding 
phenomenon. The dielectric study of H-bonding has been described in detail in 
several books and reviews [10-12]. 
In this work, the basic aim was to study H-bonding in some liquid alcohols 
in their pure form as well as in solution by dielectric relaxation. A wide temperature 
and frequency range was employed. 
The study began with the selection of a set of normal aliphatic alcohols of 
the general formula CjjH2n4.iOH where n = 1, 2, 3... 12. The chain length was 
increased steadily in order to investigate its effect on the dielectric relaxation 
parameters. The macroscopic viscosity of these alcohols were also measured to 
explore if viscosity is somehow related to the relaxation mechanism. An interesting 
3 
trend of the relaxation parameters, particularly for the long chain alcohols, was 
observed. 
This work continued with the selection of five alcohols of increasing chain 
length from the previous set. These were studied at various concentrations in three 
different solvents ranging from inert to highly interacting. The purpose was to study 
the behaviour of these alcohols in different media. The behaviour of the alcohols in 
completely inert and weakly interacting solvents were almost the same. They were, 
however, very different from those in highly interacting solvents. This helped us 
predict, to some extent, the type of association present in these systems. 
Methanol (CH3OH) was also the subject of extensive study. We chose this 
alcohol basically to examine the effect of chain length on the type of mechanism 
involved in these alcohols. Interestingly, methanol showed contradictory behaviour 
to the rest of the alcohols when studied in the same solvents. 
Three sets of isomeric alcohols were also selected for this study. They were 
studied in the weakly interacting solvent, toluene. The dipoles were gradually 
blocked to hinder easy association. The impact of steric hindrance on the dielectric 
relaxation parameters was thus examined. Infrared spectra for these systems were 
taken at room temperature to visualize the type of species present in the solution. 
The appendix of this thesis is divided into two parts, AI and AH. AU the 
tabulated data are presented in Appendix AI whereas all the figures are included in 
Appendix AH. 
Theory 
To date, there are two basic types of dielectric materials known; non-polar 
and polar. All the electrons are bound in non-polar dielectrics and the only motion 
possible in die presence of an electric field is a very limited displacement of positive 
4 
and negative charge in opposite directions. Under this condition the material is said 
to be polarized, and its molecules possess induced dipole moments. A polar 
dielectric material is one which has a permanent electric dipole moment, 
Clausius-Mossotti-Debye theories [1] describe the total molar polarizability (p^) of a 
dielectric material in an applied electric field as follows: 






where = displacement polarizability 
M = gram molecular weight 
d = density (g/m^) 
N = Avogadro's number 
k = Boltzmann Constant 
|Xy = electric dipole moment of the molecule in a vacuum. 
T = absolute temperature 
£Q = static dielectric constant 
The subscripts, D and O in p indicate the displacement and orientation 
polarization components, respectively, of the total molar polarizability, jvj-. 
The quantity ( ^ - l)M/( + 2)d is called the molar polarizability. From 
Equation (I-l) it is quite obvious that for a non-polar material the molar polarizability 
should be a constant independent of the temperature and pressure. An increase in 
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the density leads to an increase in permittivity. For a polar substance the molar 
polarizability falls with increasing temperature, because the thermal agitation 
decreases the dipolar polarization. If a plot of molar polarization versus the 
reciprocal of temperature is made, a straight line is obtained whose slope leads to the 
dipole moment of the molecule. 
The Clausius-Mossotti-Debye theories are applicable to gases, but are 
inadequate when applied to polar liquids, due to the inability of the Lorentz field 
used in these theories to represent adequately the local field in a dipolar dielectric 
material. When an insulating material is placed in an electric field it becomes 
polarized, due to the relative displacement of positive and negative electric charges in 
the material. The ratio of the field strength without any dielectric to that in the 
presence of the dielectric is called the static dielectric constant, , of the material. If 
a dielectric material is placed in an electric field; which alternates at low frequency, 
the polarization will follow it As the frequency of the applied field is increased 
above 10^ Hz, the dipoles begin to lag behind the field and the polarization (p^) falls 
so that its contribution to the total permittivity decreases. It is this decrease in 
polarization and permittivity and the resultant absorption of energy which describes 
the dielectric dispersion. The phase difference between the applied field and the 
dipole orientation causes a dissipation of energy, or Joule heating which is measured 
by the dielectric loss (E") defined below as: 
e" = e'tani (X-2) 
where e' is the real component of the complex term of the dielectric constant and tan6 
is the loss tangent or energy dissipation factor. 
The complex dielectric constant in the dispersion region can be represented 
6 
by the following equation and diagram: 
e* = e’ - ie ", where i = (1-3) 
Figure I-l: The Complex Dielectric Constant. Showing 5= tan"^(£"/£')• 
The absorption regions associated with different mechanisms of polarization 
occurs in different parts of the electromagnetic spectrum, as shown in Figure 1-2: 
Figure 1-2: Total polarization versus log frequency curve 
Between points A and B on Figure 1-2, the total molar polarizability (pj.) decreases 
expectedly as the frequency increases and the dielectric constant becomes complex. 
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It is over the region A to B that the dipole moment begins to lag behind the applied 
field. When the applied frequency is beyond that of molecular reorientation, 
displacement polarization arises with resonances at frequencies of 10^^ to 10^^ Hz, 
corresponding to the infrared region of the electromagnetic spectrum, further 
resonances occur with a frequency of about 10^^ Hz which corresponds to a 
frequency in the ultraviolet region. 
Dielectric relaxation is the decay with time of the polarization in a dielectric 
when an external field is removed. For exponential decay, the relaxation time, x, is 
defined as the time (t) in which the molar polarizability is reduced to 1/e times it 
original value (po)» therefore: 
P(0 = Po®xp(-t/x) (1-4) 
where PQ = specific polarization in a static field, P(t) = specific polarization at time 
t in an electromagnetic field. 
The frequency dependence of e' and e" in the region of dielectric absorption 
for a system characterized by a single discrete relaxation time is given by the Debye 
equation: 
e 
oo 1 + IWT 
(1-5) 
where oo is the angular frequency. On separation into real and imaginary parts, 
equation (1-5) becomes: 
g' = g. + _£o IMSIII OO a-6) 
1 + x^ OO 
Elimination of osx from these equations gives: 
a-8) 
This is the equation of a circle with the centre lying on the e '-axis. This function 
leads to a Cole-Cole plot of semi-circle of radius when e" is plotted against e' 
2 
[2]. 
For many molecules, the dielectric absorption is not characterized by a 
single discrete relaxation time. Cole and Cole [2] considered the case of a 
symmetrical distribution about the mean relaxation time, T and obtained: 
9|e 
e £ 
CO 1 + (z WT Q) 1- a 
(1-9) 
where a is the distribution parameter which may have values between 0 and 1. 
When a = 0, the Debye equation is obtained. 
A number of functions have been considered for a non-Debye type of 
absorption. Cole and Davidson have formulated a function which describes 
right-skewed arcs [3]: 
ik * 
£ ^ = £ 
• »i £ ^ - £ - z £ = e j -f — 
oo (1 + Z 0)T 
(I-10) 
where B is the asymmetric distribution co-efficient whose value lies in the range 
0<B<1. 
Fuoss and Kirkwood [4] also developed a theory regarding the distribution 
of relaxation times. The equation is: 
where B is a significant empirical parameter whose inverse measures the width ^ the^ 
absorption relative to the Debye process which follows ftom (I-ll) forB=l. is 
the frequency at which the dielectric loss value (e") is maximized. 
For molecules which contain a rotatable polar group, dielectric absorption 
may often be characterized by two discrete relaxation times corresponding to 
molecular and intramolecular rotations. Budo [5] considered that for multiple 
discrete relaxation processes the complex dielectric constant could be represented by 
the supeiimposition of overlapping Debye curves. Crossley, Tay and Walker [6] 
described the use of the Bud6 equation to evaluate relaxation parameters. 
A number of models have been suggested to account for the mechanism of 
the various molecular relaxation processes. 
The Eyring rate theory [7] is often applied to the reorientation of an electric 
dipole between two equilibrium positions. According to this treatment if AG is the 
free energy of activation for the dipole to reach the top of the barrier opposing 
reorientation, then the number of times such a reorientation occurs per second is 
given by the expression: 
a-11) 
—J  = X = -^xp(AG /RT) 
rate constant kgT E 
a-12) 
where T is the absolute temperature, h is the Planck's constant, R is the 
universal gas constant, and kg is the Boltzmann's constant. 
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Since: 
AGE = Hg - TASg 
it follows that: 
T = (h/kBT) exp (AHE/RT) exp (-ASg/R) (1-13) 
which, on taking logarithms and rearrangement, gives: 
InxT = (AHE/RT) + In(hdcB) - (ASg/R) a-14) 
When In(xT) is plotted against 1/T, a sriaight line is obtained, the slope of which 
gives AKg/R. The entropy change, ASg, is obtained from the intercept 
Infrared 
The formation of H-bonds (X-H—Y) yields the following effects in the 
infrared spectra of the systems: 
(z) The stretching mode (V^.H) its harmonics are shifted to lower wavenumbers. 
(H) The stretching mode (V^.H) and its harmonics are broadened. 
(Hi) Both the wavenumber and intensity of stretching mode (V^.H) ®ay be altered 
radically by a temperature change of several degrees. 
(iv) Similarly, the wavenumber and intensity of stretching mode (V^.H) change with 
the change in concentration. 
(v) The absorption of stretching mode (V^.H) ™ay be altered either by an acidic dr 
basic solvent 
For a diatomic molecule X-H, which is treated as a harmonic oscillator, the 
quantum mechanical solution yields the following equation for the vibrational 
11 
frequency (wcm"^ units): 
^ = cw= (1-15) 
h 2TZ \^\ij 
where h = Planck's constant 
c= velocity of light 
|X = reduced mass of the two atoms 
k= force constant 
The force constant k may be regarded as a measure of the stiffness of the springlike 
X-H bond. 
The lowering of the frequency was first ascribed to the weakening of 
the X-H bond on the formation of the H-bond. Semi empirical calculations [8], 
however, have shown that the force constant of the X-H bond decreases but not 
sufficiently to account for the totality of the frequency shift. Change in 
anharmonicity of the stretching vibration when an H-bonded complex is formed [9] 
is another significant factor that modifies the frequency. 
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CHAPTERH 
EXPER iMaCH rAE PROCEDURE 
Dielectric properties of a polar material can be considered by assuming it to 
be situated between the parallel plates of a condenser such that the dielectric constant 
(e) of the material may be defined by the equation: 
e (n-1) 
where C and CQ are the capacitance values for the condenser with the dielectric 
material and with vacuum respectively. When a sinusoidal potential of amplitudeV 
and frequency«a(rad*s'l) is applied to the capacitor, the current, I, flowing through 
the circuit is given by: 
I=i;:a)C= TCo(6i-i e") (n-2) 
In this equation the real component YOOCQ d, known as charging current is 90“ out 
of phase with the applied potential and therefore, does not involve any electrical 
work. The imaginary component YOCQ e", known as the loss current, is, however, 
in phase with the applied potential and is related to the energy dissipated as heat 
since it causes some electrical work to be done by the dot product: 
If 6 is the angle between the total current and the charging current axis, i.e. the angle 
by which the charging current fails to become 90“ out of phase with the potential 
15 
then: 
tan 5=  Loss Chrrgnt.. = _£1 
Charging Current e' 
where E' is the observed dielectric constant according to Equation (II-1) and e" is 
known as the loss factor. 
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Most of the chemicals used in the present work were sufficiently pure for our 
purpose. However, some of them were purified by refluxing with drying agents 
I 
like CaH2, CaS04, etc. and then distilled over 4 A molecular sieves. 
A. Dielectric Measurements 
Dielectric measurements were carried out on the samples placed in a co-axial 
cell and by me^uring the capacitance, C, and conductance, G, of the samples.using 
an HP 4191A impedance analyzer in the frequency range 10^ to 10^ Hz. 
Sample Preparation for Dielectric Measurements 
The solution of desired concentration was prepared by adding a given 
quantity of solute to the solvent For a chemical system, the sample was cooled to 
near liquid nitrogen temperature (-80K) and slowly heated to the glass transition 
temperature while capacitance and conductance at selected temperatures were taken 
periodically. From the resultant plot of loss factor, e", versus temperature, T(K), at 
the fixed frequencies, suspected areas of dielectric absorption were identified. The 
system was then heated again to melt the sample and cooled quickly to some 
temperature well below the temperature at which the absorption process was 
exi)ected to begin from the lowest frequency of the measurement. Full frequency 
dielectric measiirements at specific temperatures were then carried out so as to obtain 
as broad a log/j^^jj range as possible. Temperatures were controlled to within 
±0.1K and were recorded with an omega 450 AET thermocouple thermometer. 
The Co-axial Cell 
The co-axial cell used for the dielectric measurements of liquid samples was 
designed by Mr, B.K. Morgan of this laboratory. The cell assembly is 
diagrammatically represented in Figure II-1. The non-magnetic, stainless steel, 
co-axial ceU was mounted in an airtight aluminum casing, A teflon seal was put on 
the sample to get rid of the excess liquid and to attain a flat surface of the liquid 
inside the cell. The cell was cooled from the top by conduction through a 
flat-bottomed, styrofoam insulated, liquid nitrogen container. Heating balance was 
accomplished through a temperature control circuit consisting of a thermocouple, 
and a thermoelectric temperature controlled model 3814021133 UNIT (Accuracy 
±0.1 K) using nichrome wire heating element surrounding the cell. 
1 Liquid Nitrogen 
2 ^ 3L Aluminum Container 
3 ^ 0 - R i n g 
4 Tef 1 on 
5 A1 umi num Body 
6 -> Heater 
7 ->■ Control Thermocouple 
8 Sample 
9 Temperature Thermocouple 
I 0 ->■ Kel -F Window 
II ->■ Brass Compression Flange 
12 ->■ Thin Tubular Outer Conductor 
13 Hollow Central Conductor 
14 ->■ 304 Stainless Steel 
15 -»■ H.P. Impedance Meter 
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The Impedance Analyzer 
The 4191A Radio Frequency Impedance Analyzer is manufactured by the 
Hewlett Packard Company, Tokyo, Japan. The Impedance Analyzer is linked with 
the HP85 Computer by HPIB Cable. The measuring system is calibrated with 
short-circuited, open-circuited and 50Q terminations at the position of the cell at 51 
firequencies with equal logarithmic frequency interval between 1 and 1,000 MHz. 
The analyzer measures the reflection coefficient (F) on a co-axial line and 
converts it to impedance (Z) or the admittance (Y) of a load at 51 frequencies over 
the above selected frequency range. The impedance (Z) and the admittance (Y) can 
be related to the reflection co-efficient (F) by the following equation: 
Where G and C denote the conductance and capacitance, respectively. The sample is 
treated as though it is electrically equivalent to a capacitance (C^ in parallel with 
resistance (R^^). 










The computer printout gives us, C„ and G = 1/R 
at the angular frequency u = 2KX, € and e" were obtained by the use of the above 
equations. 
Analysis of Experimental Data 
The experimental data, obtained by dielectric measurements, were analyzed 
by a series of computer programs, written in APL language. For each measurement 
of temperature, the data of dielectric loss factor as a function of frequency were 
analyzed by the computer according to the Fuoss-Kirkwood equation [1] the linear 
form of which is: 
by a procedure employed by Davies and Swain [2]. By interaction the computer 
(^') against log/; the slope of this straight line gives the B-value and the 
is obtained from the slope and intercept 
The energy barrier which must be surmounted in the motion of the dipole 
was evaluated in terms of the Eyring enthalpy of activation, AH^ by using the 
Eyiing rate expression Equation (II-9), a procedure commonly used in dielectric 
work [2,3] which can be rearranged to the linear form: 
(n-8) 
program finds that the value of e"max provides the best linear fit to the plot of cosh"^ 




The plot of log(x T) against 1/T yielded a straight line, and from the slope and 
intercept of this line the value of the enthalpy of activation, AHg , and the entropy of 
activation, ASg, respectively were evaluated with the help of a computer program. 
This program also calculates the relaxation times, T , and free energies of activation, 
AGg , at different temperatures by employing the Equations (11-10) and (11-11), 
respectively: 
T = —(n-10) 
kT 
AGg = AHE - TASg (D-11) 
Standard statistical techniques [4] provide a means of estimating errors in fitting a 
straight line to a set of graph points. The FUOSSK computer program calculates 
errors in log/,,^ and for the 90%, 95%, 98% and 99% confidence intervals. The 
95% confidence interval was chosen as a good representation of experimental error, 
typical value for log/^jg^ being ±0.05 to 0.15. 
The same technique was adopted to calculate the 95% confidence intervals for both 
AHE and ASE- 
B.Infrared Measurements 
The infrared spectra were obtained in the range 3100-4000 cm"^ using a 
Beckman spectrophotometer, IR4250. Sodium chloride windows were used to hold 
the samples. During the sample preparation and measurement, extreme care was 
taken to avoid the moisture. 
The scan speed of most of the samples was 600 cm" Vminute. 
21 
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CHAPTER m 
DIELECTRIC INVESTIGATION OF THE LOW FREQUENCY DISPERSION 
KEGIQM: QF PRIMARY_UOUID ALCOHOLS 
It is now reasonably well established that there are at least three distinct 
dispersion regions [3-12] in primary and secondary alcohols. Mizushima D] was 
first to initiate these dielectric studies which were then discussed by Debye[2]. 
The lowest, intamediate and highest frequency dispersions may be 
characterized by three relaxation times, TJ, T 2 and T3 respectively. The highest 
frequency process ( T3) is sometimes designated by -OH group reorientation around 
the C-O bond. This is not susceptible to the concentration of the medium or the 
chain length of the molecule [10,13-15]. The T2 process has been ascribed to rotation 
of monomer or small multimers or end group rotation on the polymerized chain 
[8,10,11,16]. The lowest frequency dispersion is said to have Debye behaviour 
(distribution parameter a is zero) [3,5-10]. 
Many models have been developed to account for this dispersion which is 
still a very controversial subject. The main features of some of the important models 
will be described briefly. 
(a) Brot and Magat [8] proposed that alcohol multimers of variable length 
exist in the liquid together with free molecules, all in dynamic equilibrium. The 
lifetime T j of an H-bond is smaller than the time necessary for all but the very 
shortest polymers to reorient themselves as a whole in the applied field. It is the 
breaking of an H-bond that makes possible the orientation of the liberated dipoles. 
This region does not present any distribution of relaxation times because the lifetime 
of the H-bonds is roughly independent of the size of the polymer. 
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(b) Garg and Smyth [10], from their study on liquid normal alcohols, 
proposed a similar type of mechanism. They describe the x j process as the 
breaking of an H-bond followed by rotation of a new partially liberated ROH. 
(c) On the basis of dielectric study of some isomeric octanols, Dannhauser 
et al [11,12,17] modified the previous mechanism. They proposed that H-bond 
rupture is a prerequisite rather than a rate-determining step for the x i process. 
(d) B'ottcher and co-workers [18,19] investigated the mixture of 1- and 
4-heptanol at different concentrations, and deduced diat the x j process is related to 
the formation of a highly polar, non-planer, cyclic tetramer. This was said to 
account for the zero distribution of relaxation times. 
(e) According to Malecki [20], however, only the trimers are cyclic while 
the tetramers and pentamers are open-bonded units. 
(f) Higasi et al [21,22] described the dipole relaxation of the x ^ process as 
the activation of the terminal -OH of the multimer chain and then successive 
inversions of the monomer units by the breaking of only one H-bond each time 
leading to the dipolar inversion of the whole polymer chain. This can be 
diagrammatically represented as: 
R R 
A. A. 
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The following study is thus primarily focussed on a detailed investigation of the 
lowest frequency dispersion for the liquid alcohols in a wide temperature and 
frequency range. 
Experimental Results 
The dielectric measurements of the following normal aliphatic alcohols were 
done by using a Hewlett Packard 4191A RF Impedance Analyzer in the frequency 
range of 10^ Hz to 10^ Hz. The operational temperature limit of the cell were from 
74 K to 363 K and were controlled to within ±0.1 K. The procedure is being 
described in Chapter n in more detail. 
























All the alcohols were obtained commercially and were purified by refluxing with a 
suitable drying agent and distilling over 4A molecular sieves. 
The e** values as a function of frequency were then analyzed by computer 
for the best linear fit to the Fuoss-Kirkwood equation: 
cosh-l( d') = B(ln/^ - In/) 
The parameters obtained as a result of the analysis are e”niax» maximum loss 
factor of the absorption at a fixed temperature, the mean relaxation time, TJ at the 
frequency /^ax which dielectric loss value is a maximum and B, the 
Fuoss-Kirkwood distribution parameter. 
Once the relaxation time had been evaluated at a given temperature, the fiee 
energy of activation (AGg) was determined from the Eyring rate equation. 
Enthalpy and entropy of activation were determined from the slope and 
intercept respectively of the plot logtT against 1/T. In order to obtain more precise 
AHg and ASg values than previous workers a greater number of temperatures were 
employed. Figures HI-l to III-7 demonstrate the dielectric loss factor versus 
temperature plots, absorption curves, Cole-Cole plots, relaxation time and enthalpy 
of activation versus the number of methylene groups, ASg vereus AHg and Eyring 
rate plots of some of the normal alcohols. 
Discussion 
The dielectric absorption of all the alcohols of the general formula 
CH3-(CH2)H-OH, where n is the number of methylene groups, range between 
temperatures 170K and 320K for the available frequency range (10^ to 10^ Hz). 
The dielectric relaxation and the Fuoss-Kirkwood analyses parameters are given in 
Table ni-1 and Table III-2, respectively. 
For comparison, the aliphatic bromides of the same chain length were also 
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examined in the above temperature range but no dielectric dispersion was observed. 
It would seem likely that the process for the primary alcohols is related to the 
presence of the -OH group and its capacity for intermolecular hydrogen bond 
formation. A survey of the Fuoss-Kirkwood distribution parameters indicates high 
values which approach one for absorption at the highest temperatures employed. 
This is in harmony with the conclusions of Garg and Smyth that the process is of 
Debye type for the temperatures which they employed at 293,313 and 323 K. 
At this stage of development in the alcohol saga there would seem little 
doubt that the low frequency absorption of alcohols is caused by fluctuations within 
the network of H-bonds rather than by rotational motion of single molecules 
[23-25]. Further, some studies on octyl alcohol isomers suggest that this process 
does not occur in solutions where the -OH group is effectively shielded as in 
3-methyl -3 heptanol [11]. However, Crossley et al [26] found that this alcohol 
presents two relaxation processes at concentrations 0.2 and 0.35 mole fractions in 
n-heptane. The relaxation times for the low frequency dispersion are much longer 
than the ones for molecular rotations which leads to the conclusion that x j cannot be 
attributed solely to molecular rotation. Some workers [8,11,29] related this 
relaxation time (Xj) with the breakup of linear complexes. This view is supported 
by the results in Figure III-6a where x j at 300 K changes by a factor of 4 from 
methanol to ethanol whereas it changes by only 10 from ethanol to 1-dodecanol. 
The values for the enthalpy of activation (AHg) from this experiment agree 
quite well with those quoted by Bottcher [28] and of Garg and Smyth [10] with a 
few exceptions as can be seen from Figure HI-10. 
From Figure IH-10, the following observations are made; 
(0 The AHg values exhibit only a small increment from 1-octanol to 1-decanol. 
(ii) AHg values obtained by Garg and Smyth decrease after 1-nonanol. 
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(Hi) Bbttcher’s AHg values almost level off at n=9. 
In addition, the entropy values (AS^) obtained here increase rapiidly from 
methanol to 1-nonanol after which the increment is small, whereas in Garg and 
Smyth's data, a steady increment is observed from 1-propanol to 1-nonanol. No 
specific trend is obvious after that as shown in Figure HI-11. 
From Figure HI-12 
(i) Relaxation times ( x j) at T=293K increases linearly from methanol to 1-decanol 
and then either level out or decrease. 
(ii) X1 values at T=293K obtained by Garg and Smyth increase almost linearly from 
1-propanol to 1-nonanol and then decrease. 
From Figure HI-13 
The free energy of activation values (AGg) obtained in this experiment by 
Garg and Smyth at T=293K agree quite well. They almost coincide with each other 
from 1-propanol to 1-decanol. 
From Figure HI-14 
It is quite obvious that x j is not directly proportional to the chain length of 
the alcohols as might be expected from Debye behaviour for a molecular relaxation 
process of the monomer since the curve tends to level off at approximately n=9. 
However, since each alcohol has a different viscosity at 293K,a more accurate 
comparison may be achieved by utilizing the x j/tivalues. The plot of x versus 
the number of carbons (n) clearly demonstrates that this does not increase with size 
above 1-hexanol. Thus, a molecular process alone cannot account for this 
behaviour. 
The AHg value (13.0 kJ mol"^) determined in this experiment for methanol 
is similar to the theoretical value of the enthalpy of activation for methanol dimer 
formation (15.5 kJ mol'^), predicted by Curtiss [30]. This is also in good agreement 
with the AHg value of 13.44 kJ mol"^ found by other measurements [31, 32]. 
Moreover, it has been stated by several workers [33-38] that the strength of one 
H-bond is about 18±2 kJ mol"^. Therefore, on the basis of this information it can 
be said that the enthalpy of activation of the T j. process for methanol is of the order 
required to break one mole of H-bonds. 
The dielectric loss (e") values at 293 K are slightly lower than those 
obtained by Garg and Smyth for different alcohols. These losses are demonstrated 
in the Cole-Cole plots [Figure ni-8(a) - 8(e)] and in the plots of e" versus log/ 
[Figure ni-9(a) - 9(e)]. However, their data have been shown to be slightly in error 
[26-27] and a satisfactory comparison for e" values cannot be made. Nevertheless, 
on the whole, the parameters deduced from the e" such as TJ, AHg (Figure ni-10) 
and AGg (Figure HI-13) are in reasonable agreement with the literature values. The 
errors found in our measurements for e' and e" values of 1-nonanol are 0.35% and 
1.3% respectively when compared with the literature values [27(a)]. 
Conclusion 
From the dielectric measurements of pure normal alcohols obtained in this 
study and also the ones obtained by previous researchers, it can now be concluded 
that the lowest frequency dispersion is related to the presence of intermolecular H- 
bonding. In addition, the size of the monomer appears to increase x j, AHg , AGg 
and ASg values as the number of carbon atom increases up to approximately 
1-nonanol. After this their values tend to level off. 
The closeness of the H-bond dissociation energy for methanol with the 
enthalpy of activation value, suggests that this is the simplest case and that a H-bond 
breaking process is involved. The intramolecular relaxation of C^OH in 
monomeric methyl alcohol occurs below liquid nitrogen temperature [39]. Thus, 
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methanol is potentially the simplest case as all the other primary alcohols have 
possible contributions from rotation about the C-C bond involving movement of the 
end dipole (COH). 
However, the behaviour of xi/n versus n could suggest that the first 
dispersion cannot be accounted for in terms of a molecular relaxation process 
contribution from the increasing size of the monomer. This is borne out by their 
values becoming constant for 1-decanol, 1-undecanol and 1-dodecanol. 
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CHAPTER IV 
DIELECTRIC STUDIES OF ALCOHOLS WITH CHAINS 
IN DIFFERENT SOLVENTS 
THE TEST OF HIGASI’S MECHANISM 
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A number of dielectric studies has been performed on pure liquid alcohols 
and on alcohol solutions [1-9], and three different relaxation times, namely, Xj, x 2, 
and have been evaluated as is discussed in Chapter lU. We are mainly concerned 
with the first dispersion region of the alcohols on which no definite model is existent 
till now, albeit a few important ones had been described in the previous Chapter. 
However, it would now seem that the presence of intermolecular hydrogen bonding 
is responsible for this dispersion. 
The steric environment of the hydroxyl group and the change in temperature 
are two of the vital factors that control the self-association in liquid alcohols, as was 
stated by Dannh auser [10]. Crossley [11] found out from his dielectric study on 
alcohol solutions that the basicity of the solvent plays an important role in 
determining the extent of self-association. It has also been found out for pure 
n-alkanols that xj increases with the increase in the number of carbon atoms in the 
alkyl group [6]. Sagal [12] related the chain length dependence of the dielectric 
relaxation time of the normal aliphatic alcohol to a hydrogen bonded switching 
mechanism fix)m the dielectric study of ethanol and isomeric butanols in cyclohexane 
solutions. This switching mechanism can be explained as follows: 
"The H-bond will break when another molecule approaches with its 
oxygen oriented favorably for a switch. It is reasonable to assume 
that the presence of this third oxygen atom will lower the energy 
barrier to break the H-bond." 
* 
Higasi et al [13-15] studied 1- and 2-propanol and 1-butanol in a variety of 
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H-bonding and non H-bonding solvents and found out the change in principal 
relaxation time (Xj) for these alcohols with concentration of alcohol is dependent on 
the H-bonding ability of the solvents. In another work on 1-propanol in a number 
of H-bonding solvents, they [16] found that the molecular weight of the H-bonding 
solvents is one of the important factors in solute-solvent interactions. 
In 1980, they [17-18] came up with a mechanism for 1-alkanols in inert as 
well as interacting solvents. Some of the pictorial features about the Higasi model 
are: ^ 
(i) An associative equilibrium between H-bonded chain multimers and ring 
dimers is assumed. 
(li) Dipole inversion arises from the co-operative rotation of the -OH goup 
of the multimers. 
In a dielectric study of isomeric butanols in cyclohexane, Higasi and 
co-workers [19] found that the dielectric behaviour of 2-methy 1-2-propanol is very 
different from that in other butanols. The steric effects in this alcohol are probably 
more effective in promoting dissociation of the H-bonded complex. 
The decrease in principal relaxation time with the dilution of alcohol in a 
variety of solvents has been interpreted as arising from deformation or destruction of 
H-bonded clusters of alcohols [20-22]. Higasi etal [23] also studied 1-propanol in 
1,4-dioxane and in cyclohexane obtaining a single relaxation process for 1-propanol 
in 1,4-dioxane whereas two separate relaxation processes were observed in inert 
cyclohexane. They assigned these two relaxation times as primary and secondary. 
The primary relaxation process is believed to be a co-operative process in large 
multimers of alcohols arranged in straight chains [17,2^. The secondary relaxation 
was thought to be due to the relaxation of small alcohol multimers. 
In order to examine the influence of various solvents on the x j process, a 
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dielectric study of five 1-alkanols of increasing chain length in three different 
solvents ranging from inert to strongly interacting was carried out: 
(A) to compare the experimental relaxation times with the theoretical ones 
obtained by applying Higasi's theory [17-18] in a wide temperature range in order to 
check how well Higasi's mechanism applies to different systems in a widely 
different temperature range. 
(B) to examine other relaxation parameters and verify how they correlate to 
the mechanism posed by Higasi [17-18]. 
Experimental Results 
The same Hewlett Packard 4191A Impedance Analyzer in the frequency 
range of 10^ Hz to 10^ Hz was used for the dielectric measurements of different 
1-alkanols. The names and fomulae of these alcohols have already been mentioned 
in Chapter HI. 
AU the alcohols and solvents were obtained commercially and purified by 
suitable methods. Tables IV-1 to FV-3 describe the relaxation parameters for all the 
systems studied. 
Figures IV-1 to IV-15 demonstrate the absorption curves and Cole-Cole 
plots for the 1-alkanols at 0.5MF alcohol concentration in n-heptane, toluene and 
diethyl ether. 
Figures IV-16 to IV19 describe the variations of experimental and 
theoretical relaxation times with the alcohol concentrations in three different solvents 
at different temperatures. 
Plots of enthalpies of activation (AHg), entropies of activaiton (ASg) and 
In T against the alcohol concentrations are given in Figures IV-20 to IV-23. 
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Discussion 
This section is divided into two parts as follows: 
(0 Comparison of the experimental relaxation times (TJ) with those of the 
theoretical ones calculated by employing Higasi's equations [17,18]. 
(ii) A detailed study of the important relaxation parameters such as 
enthalpies of activation (AHg) and entropies of activation (ASg), etc. 
The important equations used to calculate the tiieoietical relaxation times are 
derived as follows: According to Higasi's theory, the equations involving the 
equilibrium among open chain n-mers Ajj and ring dimer A2 can be represented as: 







where Aj stands for the monomer and K2> and K are the equilibrium constants of 
the ring dimer and chain multimer formations, respectively. The dipole inversion 
rate of the n-mer, i.e. K^j, is determined basically by two factors. The first is the 
rate Kjj in which the terminal molecule of the n-mer is activated rotationally. Once 
the terminal molecule is activated rotationally, this activated state starts propagating 
from the left to the right end, according to their scheme. Hence, the second factor 
that determines the rate of the dipole inversion is the possibility of this transfer. The 
stochastic process,in which the transition state of one end segment of the n-mer 
propagates to the other end,takes place with the probability of l/(n+l). Therefore, 
ICjj can be represented as: 
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= Kn/Cn+l) (IV-2) 
and the relaxation time is given by 
T n (IV-3) 
where is the reciprocal of the dipole inversion rate of the n-mer, K„, and Tjjis 
the reciprocal of the rate constant. Kg, in which the terminal -OH groups of the 
n-mer are activated rotationally. 
By the use of Equation IV-3 together with the stoichiometric relationships 
for the association equilibrium [10,24-25], the analytical equations for the dielectric 
dispersions of pure alcohols and alcohol solutions were obtained. The principal 
relaxation time, Xj, has been defined by these workers as a function of K, Kjj, and 
where K is the equilibrium constant of the formation of chain multimers, Kj, is 
the constant of the association between the chain multimers and a solvent with 
hydrogen-bonding capacity, andx^ is the mole fraction of alcohols. 
For alcohol/inert solvent systems K|, = 0, which gives the following 
equation: 
where Xj. is the dipole relaxation time of alcohol monomers. When x^>>l. 
Equation IV-4 can be approximated as: 
(IV-4) 
(IV-5) 
The final equation, applying Eyring’s absolute rate theory and some approximation, 




where xg is the mole fraction of an inert solvent and a and B are constants 
characteristic of the solution in question. R is the gas constant, T is the termperature 
in Kelvin. 
Also, 





AH^(xg) and AS^(xg) are the enthalpy and entropy of acivation, respectively for the 
rotation of relaxing unit - C^OH. 
When xg = 0, 
Ea(0) = -AHP + AHt (0) (IV-9) 
and 
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A(0) 2h exp AS° AS’^’CO) 
 "K  (IV-IO) 
where AH® and AS® are the enthalpy and entropy changes, respectively, due to the 
H-bond formation between multimers and a monomer, h and the Planck and 
Boltzmann constants, respectively. 
Again, 





E^(XB) and In {ACxg)} are obtained by the slope and intercept of a straight line 
when ln(T- TJ) is plotted against 1/T. 
Also, EjCO) and a are obtained from the intercept and slope of the straight 
line when E^(x g) is plotted against Xg. Similarly, ln{A(0)}and B/R are computed 
from the intercept and slope of straight line when ln{A(jCg)/(l-jCg)} is plotted against 
Xg. 
Equation (TV-6) gives theoretical ITj as a function of ;cg and T. By the use 
of the least-squares method, Eg(0), a ,A(0) and B are determined. 
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Comparison of the experimental values with the theoretical ones 
obtained for our systems. 
Both the experimental and theoretical x j values for methanol in all three 
solvents at all temperatures are substantially smaller than those of other 1-alkanols. 
That is why the experimental X| values for methanol are plotted separately and 
compared with the theoretical ones at different temperatures. 
The variations of x j (experimental) and x j (theoretical) with the 
concentrations of methanol are given in Figures IV-16(a)-(b). 
Figures IV-17 to IV-19 describe the variations of Xj(expt) and x j(theor) 
with the concentrations of the alcohol for the rest of the 1-alkanols at different 
temperatures. The following may be noted: 
1) The closest agreement between the x j(expt) and Xj(theor) against 
concentration for methanol is observed at T = 293 K. 
2) For the short chain alcohols such as 1-butanol and 1-hexanol in 
n-heptane, good agreement between the Xj(expt) and Xj(theor) is observed only at 
low temperatures i.e. at T = 200 K and T = 225 K. 
3) For the long chain alcohols, i.e. 1-octanol and 1-decanol in n-heptane, 
the best fit between the Xj(expt) andxj(theor) is observed only at the highest 
temperature, i.e. at T = 293 K. 
4) Consistently the same pattern is observed for these 1-alkanols in the 
other two solvents, toluene and diethyl ether, and thus changing the solvent from 
inert to interacting does not change the trend in the variation of relaxation times with 
the concentrations of alcohols. In addition, this shows that Higasi's theory fits for 
the 1-alkanols studied only at certain temperatures. 
A study of the enthalpies of activation (AHg) of the first dispersion 
region. 
(0 l-alkanols in n-heptane: 
When the alcohol concentration is increased from 0.3 to 1.0 MF for 1-butanol in 
n-heptane the enthalpy of activation (AHg) changes only very slightly. Similar 
behaviour is noticed for 1-hexanol and 1-octanol, except for 1-decanol whose 
energy barrier goes up from 34 to 41 kJ mol"^ with the increase in alcohol 
concentration. 
(if) l-alkanols in toluene: 
For methanol in toluene, the enthalpy of activation (AHg) increases from 13 
kJ mol"^ to 22 kJ mol"^. When the alcohol concentration is decreased. The same 
type of behaviour is also prevalent for 1-butanol in toluene where a difference in 
energy barrier of ~6 kJ mol'^ is noted between the pure and diluted states of alcohol. 
This difference, however, is only 1 to 3 kJ mol'^ when the behaviour of long chain 
alcohols in toluene is studied. 
(Hi) l-alkanols in diethvl ethen 
A different kind of behaviour is observed for these systems. There is 
hardly any change in enthalpy of activation (AHg) for methanol (which has no chain 
at all) when its concentration in diethyl ether is increased from 0.3 MF to 1.0 MF. 
For the other l-alkanols with chains, the AHg values increase steadily with the 
increase in alcohol concentration in diethyl ether. 
It is interesting to note that as the chain length is increased, the energy 
barriers (AHg) increase, especially at high alcohol concentration. However, at low 
alcohol concentrations, i.e. at 0.3 MF, an energy barrier (AHg) of ~13 kJ mol"^ is 
observed for aU the alcohols, which is in fact, equivalent to the energy barrier of 
pure methanol. A similar kind of trend, i.e. the linear increase in AH^ with the 
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increase in alcohol concentration, was found for 1-propanol in 1,4-dioxane and 
pyridine by Ehgasi et al [15]. 
Entropies of activation (AS^) 
The entropies of activation (ASg) decrease with the increase in alcohol 
concentrations for all the 1-alkanols in n-heptane although the decrease is not linear. 
In toluene the 1-alkanols show almost a linear decrease in entropy with the 
increase in alcohol concentrations. In diethyl ether, however, the alcohols show an 
increase in entropies of activation (ASg) with the increase in alcohol concentrations. 
The trends in the variations of entropies of activation (AS£) are similar to 
those of the enthalpies of activation (AHg) for the 1-alkanols in different solvents. 
Variations of In with the concentrations of alcohols at T = 300 K. 
When In xj values at T = 300 K are plotted against the concentrations of 
alcohols, straight lines were obtained for all the 1-alkanols in three different 
solvents. The points for methanol are clearly separated from the remainder of the 
alcohols. The values for the rest of the alcohols overlap each other but they all lie on 
a straight line. 
This shows that the Xj values change exponentially with the change in 
alcohol concentrations. The same type of behaviour is again observed for 
l-propanol in 1,4-dioxane and pyridine by Higasi and co-workers [15]. 
Conclusion 
1) All the 1-alkanols exhibit a straight line plot for E^(xg) vs xg, according to 
Equation (TV-l 1) in all three solvents; n-heptane, toluene and diethyl ether. 
2) In general the relationship has been tested for Xg = 0 to 0.6 except for methanol 
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in toluene where it was possible to extend JCg to 0,9 MF. In all cases the linearity is 
observed. 
3) Despite the lack of success in correlating x j with JCg by a precise equation. 
Equation (IV-11) seems satisfactory. 
4) Equation (IV-6) is the key equation since this gives the theoretical x j values as a 
function of T and and which is then compared with the experimental values 
against the concentration of alcohols. If the theoretical points do not match well with 
the experimental points, then some inadequacies in Equation (TV-6) as well as in 
Higasi's theory are expected. 
5) Matching between the theoretical and experimental points is poor at low 
temperatures for long-chain alcohols and at high temperature for short-chain 
alcohols. This result is true for the 1-alkanols except methanol in all the solvents 
used for this study. 
6) Therefore, the Higasi model does not stand up to wide temperature variations. 
The basic concept may be roughly true although our system may be too complex for 
analysis by such a relatively simple model. 
7) It is interesting that Higasi in his very recent work [23], analysed the principal 
relaxation time in terms of Xj-C x j) + x 2'( ^2) cyclohexane but in his earlier work, 
his theory involved an equation such as: 
Xj =2 (1 +la:^)xn 
and no account was given to X2*. He did not give any correlation between the two 
approaches. It seem reasonable to assume Xj to be a function not only of x jj but of 
X 2'(T2) well. 
8) The chain length of the alcohol is not taken into account in Higasi's mechanism, 
although chain length has been found to be one of the most important factors from 
our study of the enthalpies of activation (AHg) of the straight chain alcohols in 
diethyl ether at various concentrations. 
9) From Figure IV-22(a), it is quite obvious that at high alcohol concentration, in 
the solvent diethyl ether, AHg increases with the increase in chain length, whereas at 
low alcohol concentration (i.e. at 0.3 MF), all the alcohols yield almost the same 
AHg, which is, in fact, equal to the AHg of methanol in its pure state, and of the 
magnitude for the breaking of one mole of H-bond in each case. Therefore, the 
chain length is probably not the important factor at very low alcohol concentrations. 
For the solvent diethyl ether or any other strongly interacting solvent at such low 
concentrations, probably the following type of association leads to the low values of 
AHE- 
10) The above postulate can be supported by the fact that the enthalpies of activation 
(AHE) for the same alcohols do not decrease drastically when diluted in an inert 
solvent such as n-heptane. 
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CHAFTERV 
DIELECTRIC STUDIES OF ALCOHOLS rROH^ 
WHERE R IS A RIGID UNIT 
Dielectric properties of pure liquid alcohols have been studied quite 
extensively [2-7] since the first study initiated by Mizushima [1]. From the study of 
the pure liquid alcohols and their solutions [8-12], three dispersion regions have 
been found to exist which are distinguished by three different relaxation times; T 
Tt.^, and T 
The relaxation time, T^, of the highest frequency dispersion can sometimes 
be attributed to -OH group rotation [5,9]. The intermediate relaxation time,T 2, is 
assigned to the orientational motions of the -OR group or of small hydrogen bonded 
species [5,6,13]. 
Die dominant, lowest frequency relaxation time, T j, is attributed basically 
to the H-bonded structures although the establishment of a definite model is still a 
matter of great controversy [5,6,7,14-17]. 
From their dielectric study on six isomeric octyl alcohols in n-heptane 
solution, Crossley et al [8], found that for the alcohols with a less shielded -OH 
group, a low frequency relaxation process exists at a higher concentration of 
alcohol, in addition to two other relaxation processes; T 2 and T y They assigned 
this result to the presence of one or more higher polymers at higher concentrations. 
Glasser etal [13] found the occurrence of the same type of phenomenon for 
normal alcohols in n-heptane solutions also again above a certain minimal 
concentration which in this case is a lower one. 
In another work on the solution of normal alcohols, Campbell et al[l 1] 
suggested that for longer alkanols, the relaxation time, T J, increases progressively 
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with concentration in cyclohexane, but the shorter alkanols (from 1-butanol) show a 
maximum in their relaxation times. Higasi et al [18,19] studied 1- and 2-propanols 
in a variety of solvents and concluded that the principal relaxation times of 1- and 
2-propanols change with concentration in two different ways, depending upon the 
H-bonding ability of the solvent and the steric factors in the solute. In addition, they 
found that the activation energy, AHg, and entropy, ASg, are also concentration 
dependent but again in two distinct ways, i.e. whether the solvent is H-bonding or 
non H-bonding. 
Recently, Yagihara and Higasi [28] studied 1-propanol in 1,4-dioxane and 
cyclohexane and observed that a single relaxation process appears when an 
H-bonding solvent is employed but two separate relaxation processes are obtained 
when an inert solvent is used. 
Dielectric behaviour of 2-methyl-2-propanol in benzene and pyridine 
solutions together with that of other butanol isomers in cyclohexane were also 
studied by Hig^i et al [20-22]. The behaviour of 2-methy 1-2-propanol is found to 
be insensitive to the H-bonding ability of the solvent and very different from those 
of the other isomeric butanols. 
Normal hexanol was studied by Hakim [23] who observed only the 
principal absorption region and attributed it to the rotation of the H-bonding 
associates. 
Stockhausen and Dachwitz [24] described the relaxation of the 
methanol-acetonitrile mixture in terms of two Debye components, one being due to 
the multimers of methanol. This component is explained by them by means of two 
simple models as due to the rotational tumbling of associates or the fluctuation of 
H-bonds. They found the latter model more suitable. 
It has been observed earlier that the activation energy (AHg) is dependent 
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strongly on the number of carbon atoms, the structure of the carbon skeleton [7], 
and the location of the hydroxyl group in the carbon chain [25-26]. Dilution of the 
alcohol by a non-polar solvent is also one of the major factor which influences the 
activation energy of the alcohols as is foimd in the literature. 
In short, to observe the effects of H-bonding and non H-bonding solvents 
on the principal relaxation, which is based primarily on H-bonding association, we 
made a detailed study of methanol, which is free from any intramolecular motions in 
our temperature range which starts from above 80K, in six different solvents. 
Experimental Results 
The dielectric study of methanol was carried out in the following solvents 
categorized into two different types. A Hewlett Packard 4191A RF Impedance 
Analyzer in the frequency range 10^ Hz - 10^ Hz was used to do the dielectric 
measurements. The operational temperature limit of the cell was from 74K to 363K 
and controlled to within ±0.1K. Chapter II details the experimental procedures. 
SOLVENT TYPE: 













1. Diethyl ether 





The methanol and the solvents were obtained commercially and were purified by 
refluxing with a suitable drying agent and distilled over 4A molecular sieves. Tables 
V-1 to V-6 present the relaxation and Eyiing parameters for all the systems. Figures 
V-1 to V-8 show the absorption curves, the dielectric loss factor, e " vs temperature 
plots, Cole-Cole plots, plots of relaxation time (TJ^200)) energy of 
activation (AGg^200)^» enthalpy of activation (AH^) and entropy of activation 
(ASg) vs mole fraction of alcohol for some of the systems studied. 
The symbols being employed here are: 




Eyring free energy of activation 
Eyring enthalpy of activation 
Eyring entropy of activation 
Discussion 
The solvents used have been classified into two different types, namely. 
Weakly Interacting and Strongly Interacting and most of the figures and tables have 
been made according to this classification. Now let us examine the different 
relaxation and Eyring parameters from these figures and tables. The dependence of 
the principal relaxation time (TJ) at 200K is presented in figures V-5a and V-5b. 
In figure V-5a, the behaviour of the principal relaxation times at T=200K 
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with the change in concentration of methanol in different weakly interacting solvents 
is displayed. 
The range of x 1^^200) values are from 0,3 x 10"^ to 7.0 x lO'^s which (i,e. 
the range of values) is a little higher than that of pure methanol. The '’^1(200) values 
seem to decrease with the increase in methanol concentration in each solvent of this 
group except that the values are higher in p-Cymene and toluene than in the rest 
The behaviour of methanol in different weakly interacting solvents is quite 
contradictory to that of other 1-alkanols with chain as described in Chapter IV. This 
striking difference in dielectric behaviour of methanol may well be related to the fact 
that methanol has no chain at all. 
The alteration of the principal relaxation time (Xj) at 2(X)K with the change 
in concentration of methanol in strongly interacting solvents is demonstrated in 
figure V-5b, 
The Xj^200) values for methanol in pyridine and in diethyl ether are very 
similar; also similar is the way they change with concentration. In both cases, \(200) 
rises steadily with the increase in concentration and also the trend in 
methanol/pyridine system are in harmony with that of 1-propanol/pyridine at higher 
temperatures (from 273K to 313K) observed by Higasi et al [19]. 
In the methanol/Di-n-butyl ether system, however, x^2oo) increases with 
the increase in concentration of methanol, reaches the maximum at 0.6 mol fraction 
of methanol and then decreases. 
We shall now examine the Eyring parameters of methanol in different 
media. The free energies of activation at 200K, AG£^200)> activation enthalpies, 
AHg, and the entropies, ASg, are plotted against the concentration of methanol in 
Figures V-6, V-7 and V-8 respectively. 
The trends in free energies of activation values at 200K, AG£^200)’ about 
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the same as those of the principal relaxation time, TJ at 200K in two different classes 
of solvents as evident from figures V-6a and V-6b. 
The change in activation enthalpies, AHg, with the change in concentration 
of methanol in different weakly interacting solvents is shown in figure V-7a. There 
is no specific pattern for the change of AHg with the concentration of methanol. 
However, the AHg values for methanol in p-Cymene and toluene are higher than 
those of methanol in dichloromethane. 
Figure V-7b demonstrates the behaviours of AHg values of methanol in 
different strongly interacting solvents. Again, in the case of methanol in strongly 
interacting solvents, there is no specific trend of the AHg values with the change in 
methanol concentrations. However, the AHg values for methanol in pyridine are 
higher than those of methanol in butyl and ethyl ethers. In this case the enthalpy of 
activation values (AHg) for methanol in pyridine show completely opposite trend to 
that of 1-propanol in pyridine given by Higasi et a/ [19]. The entropies of 
activation values ASg for methanol in different solvents behave in the same way as 
the enthalpies of activation , but the trend is more haphazard in the former. Perhaps 
the high enthalpies and entropies of activation for methanol in interacting solvents 
are due to a higher order of interactions in those systems. 
Let us now examine the different tables (i.e. from Table V-1 to V-6) which 
detail the relaxation and Eyring parametere in different methanol concentrations. 
In almost all the concentrations from a 0.3 mole fraction to a 0.7 mole 
fraction of methanol in p-Cymene, toluene and dichloromethane, the trend in the 
change of AH^, AGg^200) 1(200) p-Cymene>toluene>CH2Cl2 which is, 
interestingly, their sequence of ability to undergo molecular interaction. 
In Tables V-4 to V-6 these parameters are being compared in terms of three 
arbitrary classes for methanol in different solvents in different concentrations. The 
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relaxation time (TJ) at ZOOK is considered first 
The range of T I(200) values is given for various concentrations of methanol 
in different solvents classified M A, B and C. 
[A] The solvents include butyl ether, ethyl ether and pyridine. 
[B] The solvent is dichloromethane. 
[C] This group contains ic-electron donating solvents such as p-Cymene and 
toluene. 
In Group TAI 
For 0.3 mole ftaction of methanol, tj^200) between 0.1 and 4 x 10" 
For 0.4 mole fraction of methanol, '^1(200) lies between 3 and 14 x 10‘^^s. 
For 0.5 mole fraction of methanol, T^200) between 3 and 16 x 10" ^®s. 
In Group FBI 
For 0.3 mole firaction of methanol, TJ^200) ^ 10" 
For 0.4 mole firaction of methanol, 'r^200) ^ 10"^®s. 
For 0.5 mole fi-action of methanol, x j(200) ^ 10" ^®s. 
In Group TCI 
For 0.3 mole fraction of methanol, Xj(200) between 50 and 70 x 10"^®s. 
For 0.4 mole fraction of methanol, xi(200) between 52 and 59 x 10"^®s. 
For 0.5 mole fraction of methanol, xi/(200) between 49 and 54 x 10"^^s. 
It seems from the above, taken in three groups that for different concentrations of 
methanol, x 1^200) values do not show any correlation with the electron donor 
capacity of the solvent. 
The ranges of values for the Eyring parameters of methanol in different 
solvents at three different concentrations are given below: 
The ranges of AH^ values are from 13 to 22 kJ mol"^. 
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The ranges of ASg values are from -4 to 48 J deg"^ mol"^. 
The ranges of AG£^200) values are from 11 to 17 kJ mol"^. 
It seems from these comparisons that the relaxation times, free energies and 
enthalpies of activation values do not reflect the capacity of methanol to hydrogen 
bond with these solvents at aU concentrations. 
Table V-3 presents the relaxation and Eyring parameters for methanol and 
other alcohol mixtures in toluene. Several points can be noted from this table as 
follows: 
(1) Replacement of methanol by norbomeol or fenchyi alcohol substantially 
increases all the parameters. 
(2) Increasing the concentration of methanol and 1-octanol at the cost of decreasing 
the concentration of toluene in a three component system also increases these 
parameters, but the increment is not very substantial. 
(3) Replacement of 1-octanol by fenchyi alcohol also increases the parameters 
significantly. 
The dielectric loss (e ”) against logf plots are not perfectly symmetrical, and 
Cole-Cole plots do not fit a complete semi-circle, particularly in the case of methanol 
in interacting solvents as is obvious from figures V-1 to V-4. This probably shows 
the presence of more than one relaxation process. 
Conclusions 
The primary relaxation process is assumed to be a co-operative process in 
large multimers of alcohol molecules as is favoured by several workers [5,16]. 
The decrease in the principal relaxation time observed for butanol in 
non-interacting and interacting solvents has been interpreted as resulting from the 
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defonnation or destruction of hydrogen bonded clusters of the alcohols [17,20,21]. 
Both the enthalpies and entropies of activation values of 1-propanol were 
found to decrease upon the addition of hydrogen bonding solvents by ffigasi et al 
[21]. 
This result showed that the H-bonding capacity of tiie solvents could be a 
very important factor in determining the principal relaxation of the alcohol 
On this basis they argued that the principal relaxation is associated with 
f 
i 
multimers as molecules in the hydrogen-bonded clusters. Using this argument they 
predicted that the large enthalpies and entropies of activation in a non-interacting 
solvent like benzene would point to large clusters and the small values in pyridine to 
small clusters. The addition of pyridine to primary alcohols, therefore, tends to 
modify the alcohol clusters, while the weak hydrogen bonding benzene would not 
be expected to produce such an appreciable effect 
This postulation is also supported by the sharp increase of Xj values with 
the increase in alcohol concentration for 1-butanol in pyridine as observed by Higasi 
et al [20]. Our work supports this to some extent by showing the increment of 
T1(200) values with the increase in alcohol concentration for methanol in pyridine and 
diethyl ether systems. At the same time, it is also true that the principal relaxation 
caimot be explained solely by over-all rotation of the clusters. 
As far as our work is concerned, in groups A, B and C, we probably have 
m solution, the monomers, dimers, trimers and multimers of methanol 
However, when, say the most interacting solvent, pyridine, is added to the 
solution, we get additional species of the type 
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and also multimers. 
and for a switching mechanism for the miitimers this could conceivably alter the 
relaxation parameters. The formation of the same type of species in solution was 
also evidenced by Bellamy et al [27] from their IR study of the effects of solvents 
on H-bonded systems. According to Bellamy and coworkers, the point of solvent 
attachment can be at either end of the dimer system: 
X-H -O-H- O-H, or 0-H “O-H--Y, 
.where XH is a proton donor solvent and Y is a proton acceptor. The donor 
hydroxyl group oxygen becomes more basic, while any hydrogen attached to the 
acceptor oxygen becomes more acidic. They also concluded that the frequency shift 
is largely dependent on this phenomenon. 
It is striking that the results for pure methanol and methanol at various 
concentrations in ethyl and butyl ether are very similar. Bellamy et al [27] restricted 
the solvent interaction in alcohol/ether complexes to the X-H—O-H—OR system 
so that they mainly interact with the proton donprs. However, in our case, similar 
results would not be expected if the hydrogen bonding were solely Me0H—0(Et)2 
and the rate process was Me0H"|”0(Et)2. 
The extent of multimerization of methanol must vary in different solvents 
particularly from saturated hydrocarbons to pyridine. This is apparent-firom the 
considerable amount of material in a book by Kmentel and McClellan [29]. This can 
also be understood from the dielectric loss maxima (e "nja^) values. The greater the 
number of linear complexes in the solution, the higher will be the dipole moments 
which in turn will increase the e values. 
It has been found out thate"jjj3jj of methanol in the interacting solvents 
»non-interacting solvents. However, the T I(200) Eyring parameters do not 
reflect the extent of multimerization in the solution. Even pure methanol gives 
similar parameters to methanol (0.5MF) in dichloromethane although the degree of 
multimerization varies considerably. 
It can be concluded from these observations that the principal relaxation time 
(T i) of methylalcohol is not highly dependent on the extent of multimerizations. 
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CHAPTER VI 
DTELECTRTC AND TR-STUDIES OF SOME 
ISOMERIC HEPTANOI^S. OCTANOI.S AND DECANOLS TN SOLUTION 
Numerous experimental and theoretical studies have been carried out on the 
intermolecular association of liquid alcohols and the effects of steric factors on these 
associations [1]. The dielectric dispersion of primary aliphatic alcohols is designated 
by three relaxation times, dominated by a low ftequency Debye type process [2-7], 
It is also evident that the low frequency process is related to the existence of 
hydrogen bonds between the various monomeric alcohol units. Recently, Jorgensen 
[8,9] found out that in the liquid phase a molecule of n-alcohols can have a 
maximum of two H-bonds with its next neighbors to form open or cyclic multimer 
chains of various lengths but the exact nature of these species and the type of 
associative equilibria involved are still very controversial. The dielectric study 
[10-12] of aliphatic alcohols shows that the contribution from the low frequency 
process is high at higher alcohol concentrations in non-polar solvents. 
Dannhauser [13] showed that the isomeric octanols present two different 
types of dispersions, dependent on the amount of steric hindrance around the 
hydroxyl group. The relaxation times found for more sterically hindered alcohols 
were relatively shorter than those of the normal straight chain alcohols which 
showed Debye kind of behaviour. The activation energy for the Debye-type 
dispersion was found to be very much dependent on the steric hindrance exhibited 
by the groups adjacent to the -OH group. It was stated earlier by Dannhauser [14] 
that the enthalpy of activation (AH®) for H-bond formation was virtually constant at 
-28.14 kJ mol"^ for all the isomeric octanols. Therefore, the activation energy 
should remain almost the same when the position of the -OH group is varied from 
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terminal to the middle of the carbon backbone for these isomeric alcohols. But the 
energy of activation increased significantly when this was done. On this basis 
Dannhauser stated that the increase in the activation energies for different isomeric 
octanols is not just because of the change in the position of the -OH group but also 
because of the steric factors associated with it And also the rupture of the H-bond 
is not the rate determining step. 
Also, Bordewijk and Bottcher [15] suggested that the breaking of the 
H-bond cannot be the rate-determining step by a dielectric study of the mixture of 1- 
and 4-heptanols. According to Crossley et al [16], most of the hydroxyl are 
H-bonded at 0.3 MF of alcohol. 
Higasi ef a/ [17] proposed a mechanism for the first dispersion region of 
liquid alcohols, which is stated below: 
(i) The existence of an associative equilibrium between H-bonded chain multimers 
is assumed. 
(ii) The inversion of the dipole arises from co-operative rotation of the -OH group 
of the multimers. 
This is diagrammatically represented in Chapter IV. This is a well 
established fact now that the variation of the concentration of a H-bonding substance 
in an inert solvent causes drastic spectral change in the IR-spectrum. This was 
demonstrated by the IR spectra of benzyl alcohol in CCI4 at various concentrations 
by Coggeshall [18] in 1950. In the IR- spectrum, it has generally been found that 
the free hydroxyl groups absorb at about 3650 cm"^, whereas the bonded hydroxyl 
groups exhibit absorption between 3500 and 3300 cm"^ [19]. 
Liddel et al [20] made a quantitative study of the intensity of absorption of 
CH3OH as a function of concentration in CCI4 or CS2. They found out that the 
bands in the 3400-3640 cm"^ region show intensity variations with concentration 
with a monomer- multimer equilibrium. 
We chose twelve different isomers namely 1-, 2-* 3- and 4-isomers of 
heptanol, octanol and decanol for our present study. The dielectric studies of these 
alcohols at different concentrations in toluene and also the infra-red study of the 
isomers of octanol and decanol in carbon tetrachloride were accomplished. The 
IR-study was carried out only at room temperature. Our main purpose is to 
investigate the effects of the geometry of alcohol molecules on the H-bond 
association process. The dielectric study was supplemented by infrared study with a 
view to having more insight into the type of species present at very low 
concentrations of these alcohols. The solvent carbon tetrachloride was preferred 
owing to its highly non-interacting characteristics. 
Experimental Results 
A Hewlett Packard 4191A RF Impedance Analyzer described in the 
previous chapters, was used for the dielectric measurements of isomeric heptanols, 
octanols and decanols in toluene. A Beckman spectrophotometer IR 4250 was used 
to obtain the infrared spectra in the range 3100-4000 cm"^. More experimental 
details were given in Chapter n. The names and formulae of the alcohols are 
presented below: 
NAME FORMULA 
1- Heptanol CH3CH2CH2CH2CH2CH2CH2OH 
2- eptanol CH3CH2CH2CH2CH2CHOHCH3 
3- eptanol CH3CH2CH2CH2CHOHCH2CH3 
















All the alcohols and the solvent toluene were obtained commercially and most of 
them were distilled and dried by the appropriate procedures. The relaxation and 
Eyring parameters for all the systems studied ^e summarized in Tables VI-2 to 
VI-4. Figures VI-1 to VI-5 show absorption curves and Cole-Cole plots for 
isomeric heptanols and decanols at 0.6 MF alcohol concentration in toluene plots of 
relaxation time at 300K ('^i(3oo))> energy of activation at 300K (AG£^3QQP, 
the enthalpy of activation (AHg) and the entropy of activation (ASg) versus alcohol 
concentrations for all the isomeric alcohols are described in Figures VI-6 to Vl-9. 
Discussion 
Section I: Dielectric Study 
For each set of isomeric alcohols, the dielectric properties of 1-, 2-, 3- and 
4-alkanols have been investigated and compared with the literature values, where 
feasible, to check the reliability of our results. The enthalpies of activation (AHg) 
values obtained from our study are compared with the literature values in Table 
VI-1. The AHg values for the 1- and 2-isomers of heptanol and octanol are in good 
agreement with those of the literature [21-25]. 
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The Fuoss-Kirkwood distribution parameters, B, for these alcohols, is close 
to 1, which shows approximately Debye type of behaviour that has earlier been 
confirmed for isomeric octyl alcohols by Dannhauser [13]. 
Now, we will discuss separately the important dielectric relaxation 
parameters for these alcohols in toluene, 
A, The enthalpies of activation (AHg) of the principal relaxation process 
For 1-heptanol in toluene, the extrapolated AHg value remains almost the 
same as the original AHg of the pure alcohol. This shows that chain interlocking is 
not the major factor in 1-heptanol. Amongst the isomeric alcohols (i.e. 2-, 3-, and 
4-heptanols), the enthalpies of activa tion (AHg) keep decreasing as we lower the 
concentrations of alcohol. For 2-heptanol no appreciable decrease in AHg value is 
observed. But for 3- and 4-heptanols, the AHg values decrease by larger factors 
from the pure state of alcohol to the lowest concentration measurable. The range of 
the decrease is (9-26) kJ mol"^ as shown in Tables VI-2(a)-(c). 
The AHg values for isomeric octanols and decanols behave in a similar 
fashion as those of heptanols as is evident from Tables VI-3 and VI-4. The variation 
of AHg with concentrations of alcohols are represented in Figures VI-8(a)-(c). 
For 1- and 2-isomers, the extrapolated AHg at infinite dilution is (42±6) kJ 
mol'^. But the extrapolated AHg for 3- and 4-isomers at infinite dilution is (17±4) 
kJ mol"^. 
B. The entropies of activation (ASg) 
The entropies of activation (ASg) for the isomeric heptanols, octanols and 
decanols are plotted against the concentrations of alcohol in Figures VI-9(a)-(c). As 
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far as the isomeric heptanols are concerned, it is quite obvious from Tables 
VI-2(a)-(c) and Figures VI-9(a) that the entropies of activation (ASg) change in a 
similar way as do the enthalpies of activation (AHg). The changes are very drastic 
again for 3- and 4-isomers. From Tables VI-3-VI-4 and Figures VI-9(b)-(c), it is 
also clear that the isomeric octanols and decanols present the same kind of 
behaviour. 
C. The free energies of activation (AG£)at 3CX3K. 
Figures VI-7(a)-(c) and Tables VI-2 to VI-4 describe the change in AGg^QQ^ 
with the change in alcohol concentration for all the someric alcohols included in this 
chapter. 
The range of AGg(3QQj values for isomeric heptanols is from 16 to 22 kJ 
mor^. For isomeric octanols the range is from 13 to 22 kJ moT^ and for isomeric 
decanols it is from 15 to 23 kJ mol'^. 
Therefore, the range of AGg^3QQj value is almost the same for each set of 
isomeric alcohols. 
D. The principal relaxation times (TJ) at 300K. 
The variation of '^1(300) values with the concentrations of different isomeric 
alcohols in toluene is presented in Figures VI-6(a)-(c). They all increase 
exponentially with the increase in alcohol concentration in toluene. The range of 
T 1(300) values for isomeric heptanols is from 0.83 x 10“^®s to 9.9 x lO'^^s. The 
range for isomeric octanols is from 0.26 x lO'^^s to 11.3 x 10" ^®s and for isomeric 
decanols is from 0.74 x 10*^®s to 14.1 x 10" ^®s. This tells us that the relaxation 
time (T j) at 300K is dependent on the size of the alcohol but not directly proportional 
to the concentration of alcohol in toluene. Some other factor/factors are associated 
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with the exponential increase in T ^300) values with alcohol concentration. Also, 
the values change the same way as do the values for aU the isomeric 
alcohols. 
Comparison of the relaxation parameters at three different 
concentrations: 
(i) at 0.6MF alcohol concentration: 
The AHg for heptanols is (42±3) kJ mol"^. 
The AHg for octanols is (42±5) kJ mol"^. 
The AHg for decanols is (44±6) kJ mol"^. 
The AGg for heptanols is (18±2) kJ mol”^. 
The AGg for octanols is (18±2) kJ moT^. 
The AGg for decanols is (18±2) kJ moT^. 
The range of ASg for heptanols is (63-93) J K’^ mol"^. 
The range of ASg for octanols is (57-99) J moT^. 
The range of ASg for decanols is (71-112) J K"^ moT^. 
The range of '^1(300) for heptanols is (l-4)xl0'^®s. 
The range of '^1(300) for octanols (l-4)xl0’^®s. 
The range of r^3QQj for decanols is (l-5)xl0“^®s. 
(ii) At 0.7MF alcohol concentration: 
The AHg for heptanols is (42±4)kJ mol"^. 
The AHg for octanols is (45±5)kJ mol"^. 
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The AHg for decanols is (45±4)kJ 
The for heptanols is (19±1) kJ mol"^. 
The AG£^3QQJ for octanols is (18±2) kJ raoT^. 
The AGgpoQj for decanols is (18±2) kJ mol"^. 
The range of ASg for heptanols is (57-91) J K"^mor^. 
The range of ASg for octanols is (68-107) J K‘^mor^. 
The range of ASg for decanols is (69-105) J K"^ mol"^. 
The range of ^1(300) for heptanols is (2-6)xl0"^^s 
The range of TJ^3QQJ for octanols is (2-6)xl0"l®s 
The range of ^^^300^ for decanols os (2-10)xl0"^®s. 
(iii) At 0.8MF alcohol concentration: 
The range of AHg for heptanols is (37-52) kJ mol'^ 
The range of AHg for octanols is (40-51) kJ moT^ 
The range of AHg for decanols is (41-50) kJ mol"^ 
The range of AG^QQQ^ for heptanols is (20±1) kJ mol"^ 
The range of AG£^3QQJ for octanols is (19±2) kJ mol"^ 
The range of AG£^3QQ^ for decanols is (20±2) kJ mol"^ 
The range of ASg for heptanols is (55-110) J K"^ moT^ 
The range of ASg for octanols is (61-108) J K"^ mol'^ 
The range of ASg for decanols is (64-105) J K"^ mol"^ 
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The range of T:J(3QO) for heptanols is (3-7)xl0"^®s 
The range of TJ^OO) for octanols is (3-8)xlO'^®s 
The range of TJQQQJ for decanols is (2-10)xl0"l®s 
It is evident from Tables VI-5 to VI-7 that the 2-isomers of heptanols, 
octanols and decanols have always comparatively high values of enthalpies and 
entropies of activation at the aforementioned concentrations of alcohol in toluene. 
As far as the free energies of activation and relaxation time at 300 K are concerned, it 
is always the l-aUcanols that have slightly higher values than the rest 
When we increase the alcohol concentration from 0,6 MF to 0.8 MF, for 1- 
and 2-isomers of alcohols there is virtually no change in the enthalpies and entropies 
of activation but, for 3- and 4-isomers, these two parameters keep increasing with 
the increase in alcohol concentrations. On the contrary, when at any particular 
concentration e.g. at 0.7 MF, the size of the alcohols is increased, we find that AHg 
increases for 1- and 2-isomers but remains almost the same for 3- and 4-isomers of 
alcohols. 
This demonstrates first of all that the 3- and 4-isomers behave differently 
from their 1- and 2- counterparts in toluene. Secondly, these data reveal that the 
species formed in the solution for 1- and 2-alkanols are dependent on the size of the 
alcohol but independent of the alcohol concentration whereas for 3- and 4-aUcanols 
they are susceptible to alcohol concentration without having any dependence on the 
size of the alcohol. 
Since AG£^3QO) and T 1^300) change appreciably when the 
concentration of the alcohol or the alcohol size is varied, no conclusion can be made 
on the basis of these parameters. The dielectric loss (e") against plots are 
not perfectly symmetrical and Cole-Cole plots do not fit a complete semicircle for all 
the someric alcohols in toluene as is evident from Figures VI-1 to VI-5. 
This is similar to the behaviour of methanol in interacting solvents as 
described in Chapter V, 
Section II: IR-study of different isomeric alcohols: 
The -OH stretching frequency of monomeric methanol changes from 3642 
cm"^ to 3608 cm"^ and the frequency of dimeric methanol from 3534 cm“^ to 3502 
cm"^ by changing the solvent from CCI4 to toluene as was observed by Bellamy et 
al [26]. The -OH stretching frequency of monomeric methanol in carbon 
tetrachloride is found at 3642 cm'^ whereas for triethyl carbinol in the same solvent 
this is found at 3620 cm*^ [27]. 
This shows the dependence of the -OH stretching frequency of the 
monomeric form on the alkyl part of the alcohol. The infrared spectrum of a 0.2 M 
solution of n-hexanol in carbon tetrachloride shows monomer, dimer and multimer 
bands at 3640,3480 and 3345 cm"^ respectively. 
All the other n-alcohols from C3 to Cl3 in CjjH2n+iOH at 0.2 M 
concentration show almost identical behaviour [28]. The H-bonded OH-stretching 
frequency for the open dimer of triethyl carbinol in CCI4 is at 3500 cm"^ [27]. 
Our main objective to include IR-study in this context is to get a more 
revealing picture of the type of species present in solutions at very dilute 
concentrations of alcohols. 
We studied the isomeric octanols and decanols at two different 
concentrations, 0.4M and 0.04M in carbon tetrachloride. 
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For 1-octanol and 1-decanol at 0.4M in CCI4, the monomer band appears in 
the range of 3630-40 cm"^ and the multimer band at 3330 cm"^. 
But when the concentration of alcohol is reduced to 0.04M, the monomer 
band in both cases still appears on the aforementioned range of frequency but the 
multimer band shifts to a higher wave number (around 3400 cm"^). 
For 1-pctanol at 0.04M in CQ4, in addition to the multimer band at 3340 
cm'^, there is a hump due to the dimer at around 3500 cm‘^ whereas for 1-decanol 
the broad multimeric band centres at around 3400 cm"^. There is virtually no 
distinction between the dimeric and multimeric band in this case. 
If we compare our IR-spectrum for 0.04M 1-octanol in CCI4 with that of 
0.2M 1-hexanol and methanol in CCI4 with that of 0.2M 1-hexanol and methanol in 
CCI4 observed by Sandorfy et al [28], one thing is quite clear that as we decrease the 
concentration from 0.2M to 0.04M, the dimer band predominates. For 2-, 3- and 4- 
octanols at 0.4M in CCI4, the monomer band appears in the frequency range 
3630-40 cm"^, the multimer band in the range 3330-80 cm"^ and the dimer band in 
the range of 3430-85 cm'^. The shift in the band position toward high frequencies 
is observed as we move from 2- to 4-octanol. For 2-, 3- and 4-decanol at the same 
concentration in CCI4, the monomer peak is observed in the range 3625-30 cm‘^, 
the dimer peak at 3480 cm"^ and the multimer peak in the range 3350-70 cm"^. 
At 0.04M concentration in CCI4, for 2-, 3- and 4-octanols, the monomer 
peak appears in the range 3625-40 cm'^, the dimer peak at 3480 cm"^ and the 
multimer peak in the range 3360-80 cm’^. 
At 0.04M concentration in CCI4, for 2-, 3- and 4-decanols, the monomer 
band appears in the range 3630-50 cm"^, the dimer band in the range 3480-3500 
cm'l and the multimer band at 3360-3400 cm"^. 
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Conclusion 
The infrared and N.M.R. of pure 4-heptanol at different temperatures 
indicate that 4-heptanol is still appreciably associated at temperatures far above 60"C 
[29]. This implies that all the isomers of heptanols, octanols and decanols are 
extensively hydrogen bonded at all temperatures of our range. 
At relatively high temperatures those species whose -OH group is most 
sterically blocked, prefer to form cyclic structures, while those whose -OH group is 
relatively accessible tend to form open chains. In all cases, chains become the 
preferred species at low temperatures [30]. 
From the dielectric study it has been found out that the 1- and 2-isomers 
behave differently from the 3- and 4-isomers of alcohols, specially when we 
consider the variation of the enthalpies of activation in these systems. When the 
AHQ values are extrapolated to infinite dilutions, however, 1- and 2-isomeric 
alcohols yield about the same values of AH£ and these are not substantially different 
from those of the corresponding pure alcohol. 
When the 3- and 4- isomers are subjected to infinite dilutions, the 
extrapolated AHg values (i.e. 17±4 kJ mol'^) amount to the breaking of one mole 
of H-bonds. 
According to infrared study, for all the isomeric alcohols at high 
concentration, the amount of monomeric and multimeric species are present in high 
quantity. At higher concentration, although for 1-alkanols, the multimeric band 
predominates, in the case of 2-, 3- and 4-isomers of alcohols, fair amount of dimers 
are also evident in the solution. 
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The following tentative postulates can be proposed on the basis of this 
dicussion: 
1. The isomeric alcohols probably form cyclic species at higher 
concentration of alcohols and when diluted they form linear type structures like 
1-alkanols with both monomer and multimer present in solution. 
2. At intermediate concentrations, both cyclic and linear structures 
probably exist 
3. AHg values for the pure 3- and 4-isomers are ~ 10-20 kJ mol"^ higher 
than those of pure 1-isomer. The principal relaxation region caimot be completely 
attributed to the formation of a particular multimer e.g. dimer. If we are just 
concerned with dimers, then, in 1-alkanols, the H-bond would be much stronger 
than 3- and 4-alkanols since OH—O distance would be shorter in primary alcohols 
than in secondary or tertiary alcohols. 
4. The higher energy barriers of the highly sterically hindered isomeric 
alcohols in the pure liquid form are probably due to the presence of more steric 
factors, in addition to the breaking of 1-mole of H-bonds in each case. 
5. IR-study reveals that even at very low alcohol concentration, both 
monomeric and multimeric species exist. An enthalpy of activation value of (17±4) 
kJ mol"^ at infinite dilution for 3- and 4-isomers is, therefore, possibly due to the 
breaking of one mole of H-bonds in a molecular aggregate by the following type of 
mechanism proposed by Higasi et al [17]: 
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cmPTERvn 
DTSCUSSTON AND SUMMARY 
Discussion 
In the previous chapters, we have discussed the behaviour of 
intertnolecularly H-bonded compounds, specifically pure liquid alcohols and 
alcohols in different solvents for the first, or radio frequency, dispersion region of 
alcohols. Unfortunately, there is no unique mechanism for understanding the 
relaxation time, T J, which is attributed to this dispersion. 
Li the present chapter, some important mechanisms and models for the first 
dispersion region will be described and evaluated in the light of the experimental 
results obtained for the alcohols in the present work and works done by other 
researchers. One of the earliest models was proposed by Brot and co-workers [1] 
which has already been described in Chapter IH. 
Some of the important observations made by Smyth and co-workers [2-5] 
are (a) the activation energy for the first dispersion of pure n-alcohols increases with 
the increase in the chain length of the alcohols, (b) the relaxation time, xj, decreases 
rapidly with the decrease in alcohol concentration in an inert solvent, (c) at 
approximately 0.25 mole fraction of alcohol in inert solvent, the x | is independent 
of the chain length of n-alkanols and (d) increasing the steric factors around the 
OH-group of an alcohol makes the Xj process disappear. 
According to them, the dielectric relaxation for the first dispersion involves 
the breaking and reforming of the H-bonds with consequent reorientation of the 
dipole moment, and the rate of hydrogen bond breaking is the determining factor for 
the relaxation time. The increment of the enthalpies of activation, AHg, with the 
increase in chain length, v/as explained by assuming that the H-bond breaking is an 
initial step, but some molecular motion dependent upon the chain length is also 
needed to give the observed increase. 
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Dannhauser et al [6-7] suggested that at relatively high temperatures, the 
alcohols with most sterically hindered OH-group prefer to form polymer rings 
whereas those with OH-groups relatively accessible tend to form open chain 
polymer. They [8] considered that the H-bond rupture is a prerequisite rather than 
the rate determining step for dipolar reorientation. According to them a particular 
H-bond will break and reform many times without reorientation of either the donor 
or acceptor molecule and the reorientation is assumed to be co-operative in nature. 
Sagal [9] introduced the so-called switch over mechanism, from the 
dielectric study of ethanol in cyclohexane and some other alcohols in the pure liquid 
state. According to this mechanism, for the first dispersion region, the H-bond will 
break when another molecule approaches with its oxygen atom oriented favorably 
for a "switch”. The energy barrier for the breaking of the H-bond will be lowered in 
the presence of the third oxygen atom. Therefore, the dilution of ethanol with bulky 
cyclohexane molecules would decrease the possibility of approach of a third oxygen 
atom for a switch over and consequently increase the energy barrier of ethanol. 
The models proposed by Bottcher et al [10-11] and Higasi and co-workers 
[12-13] has also been described in the previous chapters. Higasi et al assumed that 
the dipole inversion of the multimer always originates at the terminal molecule 
because in order to activate one of the terminal segments, only one H-bond needs to 
be broken. The increase in activation energies of alcohols with the increase in 
carbon chain length was explained by a proposal that a third alcohol molecule 
approaches with its oxygen atom oriented favorably to activate the terminal, OH- 
group of the multimer. The approach of this third alcohol molecule toward the 
multimer becomes more difficult with the increase in the size of the alcohol 
molecules, resulting in an increase in the value of activation energy. 
According to Brot and Magat [1], the energy barriers and relaxation times 
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for the first dispersion of alcohols would be independent of the size of the alcohol. 
However, it has been found from the results obtained by our study and by other 
researchers [2] for pure liquid 1-alkanols that the above two parameters were 
dependent on the size and shape of the alcohol molecules. According to Garg and 
Smyth [2], the main mechanism for the first dispersion is a two step process i.e., the 
breaking of the H-bond and then the reorientation of the partially liberated dipole. 
The H-bond breaking was considered as the rate determining step. Rotation of the 
partially liberated dipole which increases in size with increasing size of the carbon 
skeleton, was suggested to give rise to the gradual increase in enthalpies of 
activation and the relaxation times. However, the experimental results obtained in 
our work for pure liquid 1-alkanols show that the enthalpies of activation and the 
relaxation times increase linearly with the increase in chain length only up to 
1-nonanol and then they tend to level off. 
It has been reported in the literature [14-17] that the strength of one 
intermolecular H-bond is 18±2 kJ moT^. The enthalpy of activation (AHg) for pure 
methanol is 13 kJ mol"^. This predicts that a H-bond breaking process is involved 
since no contribution from the intramolecular relaxation C-^OH is expected for 
monomeric methanol in the temperature range studied. The linear increase in the 
enthalpies of activation (AHg) and relaxation times (TJ) with the increase in the size 
of the alcohol suggests that these parameters are somehow dependent on the size 
and shape of the alcohols. However, there is a tendency to level off for the higher 
alcohols as was observed in our work, and reveals that the first dispersion region 
cannot be explained solely in terms of a molecular relaxation process. 
Bottcher and co-workers [10-11] proposed that a highly polar, non-planer, 
cyclic tetramer was responsible for the first dispersion region in alcohols on the 
basis of their study of pure 1- and 4-heptanol and their mixtures between 213 and 
273 K. However, the infrared measurements of 1- and 4-isomers of octanol and 
decanol in dilute solutions, obtained by us, showed the presence of multimers rather 
than just a tetramer. Thus, Bottcher’s hypothesis seems inadequate to explain this 
phenomenon. 
The increase in energy barriers of pure liquid alcohols with the increase in 
carbon chain length could be accounted for by increasing steric effects. This seems 
to match Sagal's mechanism that the energy barrier would increase when there is 
less possibility of approach of the third alcohol molecule for a switch over. 
Higasi et a/ [18] considered that the dilution of 1-propanol with benzene and 
chlorobenzene obstructs the approach of an alcohol molecule to the multimer and 
therefore decreases the possibility of OH-switch over. This accounted for the 
slightly increasing energy barriers of 1-propanol when diluted in the above two 
solvents. On the contrary, the addition of a strongly H-bonding solvent (e.g. 
dioxane or pyridine) would provide a new possibility of switch over to the 
electronegative atom of the solvent, thus, lowering the energy barrier of alcohol. 
The experimental results obtained by Higasi et al [18] for 1-propanol in 1,4-dioxane 
and pyridine and the ones obtained by us for 1-alkanols of different chain lengths in 
ethyl ether, are in good agreement with this proposal. Moreover, the Sagal 
mechanism does seem to measure up to the small variation in energy barriers 
obtained from our study when 1-alkanol is diluted with inert solvents such as 
n-heptane and toluene. 
Higasi et a/ [12-13] described the primary relaxation as a co-operative 
process in large multimers of alcohol arranged in a straight chain. They assumed the 
dielectric absorption for liquid alcohols which consist of H-bonded open chains and 
cyclic dimers as the sum of the contributions from the dipole relaxation of each 
n-mer where the cyclic dimer with zero dipole moment does not contribute to the 
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absorption. They used Sagal’s mechanism to illustrate the increase in the enthalpies 
of activation for the first dispersion of alcohols with the increase in carbon chain 
length. Also the same concept was used to explain the dielectric behaviour of 
1-propanol in strongly H-bonding and non H-bonding solvents, as described in the 
previous paragraph. 
It has been found by infrared studies that the degree of polymerization in 
n-alcohols from C3 to C^g in C^H2JJ+IOH in dilute solution is independent of the 
length of the alkyl chain in contradiction to the explanation given by Higasi and 
co-workers [12-13] for the increase in energy barriers with the increase in carbon 
chain length. Therefore, it can be said that, at least in dilute solutions of alcohols, 
the approach of a third alcohol molecule to activate the terminal OH-group of 
multimer chain would not be decreased with the increase in the chain length of 
alcohols. It has also been found out from our dielectric study on l-ahcanols of 
varying chain lengths in three different solvents, ranging from non-interacting to 
highly interacting, that Higasi’s mechanism does not stand up to wide temperature 
variations. However, the enthalpies of activation value of 17±4 kJ mol'^ at infinite 
dilution for 3- and 4-isomers of octanols and decanols, obtained in our study, seem 
to support Higasi's mechanism. 
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For the pure liquid alcohols, the increase in chain length increased the 
dielectric relaxation parameters. This, however, was only observed up to 
1-nonanol. The relaxation parameters tended to level off for the higher alcohols. 
This shows that the chain length of the alcohol is not the only parameter that 
influences the radio frequency dispersion of the pure liquid alcohols. 
When the straight chain alcohols were studied in a strongly interacting 
solvent, diethyl ether, the chain length was found to have greater effect on the 
enthalpies of activation (AHg). At higher alcohol concentration, the AHg value 
increased significantly with the increase in chain length. At low alcohol 
concentration (ie. 0.3MF), however, the enthalpies of activation (AHg) gave almost 
similar values. This was of the order of breaking 1 mole of H-bonds. A different 
mechanism independent of chain length is, therefore, more probable in dilute 
solutions of alcohols. 
The extent of multimerization for these alcohols must vary from one solvent 
to another. It has been observed that the dielectric loss maxima for methanol in 
interacting solvents are greater than those in non-interacting solvents. The extent of 
multimerization in solutions, nevertheless, is not reflected in the study of the Eyring 
activation parameters. Pure methanol yields an energy barrier (13 kJ mol"^) which 
is equivalent to the breaking of 1 mole of H-bonds. 
It has also been found out, from the study of 1-, 2-, 3- and 4-isomers of 
three primary alcohols of different chain length, that 1- and 2- isomers behave 
differently from 3- and 4-isomers. This difference was prominent in the study of the 
enthalpies of activation (AHjj) of these systems. For 3- and 4- isomers, at infinite 
dilutions, the extrapolated AHg values (ie. 17±4 kJ moT^) amount to the breaking of 
90 
one mole ofH-bonds. 
It now seems quite obvious that none of the models described in Chapter 
Vn can interpret all the experimental observations adequately. Because of the 
diversity in the type of H-bonded equilibria present for different systems, it is almost 
impossible at this stage to find a unique model that would account for all the 
experimental observations of alcohols in their pure states as well as in solutions. 
From our own study, however, it is evident that H-bond breaking is the most 
important step in each case and is in good agreement with most of the other 
mechanisms proposed earlier. 
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ABLE IJI - 1: Dielectric Relaxation Parameters of some liquid 1-alkanols 
Alcohol 
mole fraction) 
6 T(K) S-Range Relaxation time^ t s) 





























































































































































41 + 3 
42+0.7 
44+0.7 
-4 + 3 
1 + 5 
13 + 1 ■ 
2Q + 2 
2812 
40 + 3 
47 + 4 
50 + 3 
57 + 2 
59 + 12 
64 + 3 
70 + 2 
AI.2 
TABLEi III-2: Fuoss - Kirkwood Analyses Parameters for the Pure 
Primary Alcohols 























































































































T (K) 11 (s) logf max max 





































































































































T (K) Tl (S) logf max max 






















































































































T (K) Tl (s) logf max max 














































































































TABLE; continued  
T (K) Ti (s) logf 
max max 





















































































































T (K) “^1 (s) logf mex max 




















































































































.BLE; iV-lb; Dielectric Relaxation Parameters of 1-Butanol in n-Heptane Solution. 
Alcohol AT(K) 
>ole fraction) 
jg-Range Relaxation time' T J^(S) 
150 K 200 K 300 K 
AG' (kJ mol ) 




















































































































^BLE;IV-lc: Dielectric Relaxation Parameters of 1-Hexanol in n-Heptane Solution, 
Alcohol AT(K) 
nole fraction) 
j^-Range Relaxation time ^ j^(s) 
150 K 200 K 300 K 
. AG {kJ mol^) 
. £• 





















































































































BLE: IV-ld; Dielectric Relaxation Parameters of 1-Octanol in n-Heptane Solution. 
Alcohol 
ole fraction) 
AT(K) j^-Range Relaxation time ^(s) 
150 K 200 K 300 K 
AG„ (kJ mol 
£ 



























































































38 + 2 
37 + 0. 
68 + 6 
61 + 5 
60 + 6 
62 + 4 
59 + 4 
54 + 8 




LE: IV-le: Dielectric Relaxation Parameters of l-i)ecanol in nrHeptane Solution 
Alcohol^^^^ - ^ R-Range : Relaxation time 'r (s) 
le fraction) 
150 K 200 K 300 K 
Jecanol V • 270-293 ^ 0.69-0.93 0,6x10“^ 5^3xl0“’ 3.7xl0"^° 
(0.3.) , V 
3ecanol 273-297 0.75-0.92 l.OxlO"^ 6.6xl0"^ 3.8xl0"^° 
(0.4) 
Decanol 273-298 0.78-0.92 5.5x10*^ 18.2xl0“^ 5.3xl0“^° 
(0.5) 
Decanol^^^^-^^ : V^ 0.81-0.91 9.8x10"^ 28.6xl0~^ 7.5xl0"^° 
(0.6) 
iecanol 275-304 0.84-0.95 26.1x10“^ 53.9xl0"^ 9.9xl0"^° 
(0.7) 
)ecanol 275-308 0.86-0.95 30.7x10"^ 63.1x10"^ 11,6x10"^° 
(0.8) 
Jeca.nol • 277-308 0.87-0.96 30.3xl0“^ 67.2xl0"^ 13.3x10"^'^ 
(0.9) 
)ecanol 273-308 0.72-0.90 3.2xl0"^ 7axl0“^ 1.4xl0"^ 
(1.0) 
AG (kJ mol”^) '^E 
150 K 200 K 300 K (kJ (J K~^. 
mol ^) mol ^) 
26.8 24.3 19,3 34+3 50±10 ' 
27.3 24.7 19.4 35+1,0 53+3 
29,4- 26.3 20.2 39+2 61+7 
30.1 27.1 21.1 39+1 60+5 
31.3 28.1 21.8 41+1 64+3 
31.5 28.4 22.2 41+0,7 62+2 
31.5 28.5 22.5 41±2 60+7 
31.6 28.6 22.7 41+3 59+12 
Ai. n
 
LBLE: IV-2a; Dielectric Relaxation Parameters of Methanol in toluene solution 
Alcohol AT(K) 
lole fraction) 
)3-Range Relaxation time 





























































































; AG„ (IcJ mol ) 





































19 + 2 
21 + 1 
22+1 
17 + 1 




27 + 5 
21±0.5 20+3 
4 + 3 
14 + 5 







BLE; iv-2b; Dielectric Relaxation Parameters of 1-Butanol in Toluene Solution- 
Alcohol AT(K) 
ole fraction) 
j^-Range Relaxation time'^ j^(s) 
150 K 200 K 300 K 
AG„ (kj mol 
■ 7 E '■ 
150 K 200 K 300 K 
AH„ ■ AS, 
(kJ . (J K“^ 

























0.70-0.92 8.0x10“^ lOxlO"® 1.1x10"^° 
0.75-0.96 IT.8x10"^ 14.0xl0"® 1.5xl0"^° 
0.78-0.98 9.1x10"^ 14.6xl0"® 2.1xlo"^° 
0.84-0\97 5.7xl0"^ 13.5xl0“® 2.8xl0~^® 
0.83-0.95 5.8x10"^ 14.5x10"® 3.3xl0"^® 
0.84-0.97 4.5x10"® 14.0x10"® 3.9xl0"^° 
0.88-0.96 3.6x10 ® 13.7xl0~® 4,8x10 
-10 






































BLE:IV-2C ; Dielectric Relaxation Parameters of l-Hexanol in Toluene Solution 
Alcohol AT(K) 
ole fraction) 
jg-Range Relaxation time T^(S) 
150 K 200 K 300 K 
AG„ (kJ mol ) 













238-268 0.67-0.84 ; 2.7x10 
-4 
239-271 0.69-0.89 4.9x10 
-4 
233-268 0.69-0.91 2.4x10 
-3 
238-283 ’ 0.78-0.99 8.6x10 
237-281 0.78-0.96 11.9x10 
-4 
241-283 0.78-0.95 12;8xl0 
-4 
247-287 0.83-0.96 11.6x10 




















































35 + 2 
35±r 





33 + 0.7 
62 + 9 
59 + 5 
70 + 10 
53 + 3 
52 + 3 
49 + 6 
45 + 2 






BLE ;IV-2d; Dielectric Relaxation. Parameters of 1-Octanol in toluene solution 
Alcohol ' AT(K) 
ole fraction) |8- 
Range Relaxation time ' TJ^(S) 
150 K 200 K 300 K 
AG„ (kJ mol”^) 
E 


















































































42 + 1 . 
43±3 




75 + 4 
7715 
79112 
68 + 4 
61 + 2 
5913 
50 + 3 
> 
in 
ABLE iy-2e; Dielectric Relaxation Parameters of^1-Decanpl in toluene solution 
■ Alcohol AT(K) jQ-Range Relaxation time T j^(s) 
nole fraction) 
150 K 200 K 300 K 
1 - Decanol (0.4) ; 268-288 0.62-0,75 1.6xl0“^ / 2.0xl0“® 0.2xl0"^ ; 
1 - Decanol (0.5) 268-296 0.67-0.80 1.6xl0"^ 2.5xl0~® 0.4x10"® 
1 - Decanol (0.6) - 273-298 0.75-0.85. 2.9xl0"^ 4.1xl0"® 0.5xl0~®' ’ 
1 - Decanol (0.7) 273-298 0.81-0.86 2.8xl0”^ 4,9xl0~® O.BxlO”^ ■ 
1 -Decanol (0.8) 273-298 : 0.81-0.88 2.4xl0"^ 5.1xl0"® l.OxlO"® 
1 - Decanol (0.9) J 276-298 0.78-0.90 3.5xl0"^ 6.8xl0“® ' 1.2x10“®' 
1 - Decanol (1,0) 273-308 0.72-0.90 3.2xl0”^ 7.1xl0“® 1.4xl0“^ 
AG_ (IcJ mol ^) 
. . B 
150 K 200 K 300 K 
AH„ AS^ 
E , £■ ■ 
(IcJ (J K"^ 
mol ^) mol ^) 
30.7 26.5 17.9 44±5 85+18 
30.7 >' 26.9 ■ ■.' 19.1 ^V':■ 42 + 1 ' 77±5 ' 
31.5 ■ 27.7 20.1 43+1 76+5 
31.4 27.9 21.0 42+2 69+6 
31.2 28.0 21.7 41+0.6 64±2 
31.7 28.5 22.2 41±1 63±4 
31.6 28.6 22.7 41±3 59112 
AI.16 
LE IV - 3a: Dielectric Relaxation Parameters of Methanol in Diethylether solution 
Alcohol 
le fraction) 
AT(K) jQ-Rahge . Relaxation time ^j^(s) 
150 K 200 K 300 K 
AGg (kJ mol ) 
150 K 200 K 300 K 
AH. AS, 
























■ -9 -10 























10.5X10 ® 5.9X10“^*^ 2.9X10"^^ 
6.8X10'^° 2.7X10"^^ 
0.98-1.0 18X10 ^ 10.1X10 5.0X10"^^ 
11.6 11.6 11.5 










12±0.5 , 0.7+3 
13+0.5, 4±3 
13+0.2 3+1 




!^BLE IV-3b Bielectric Relaxation Parameters of 1-Butanol in 
Diethyl ether solution 
Alcohol ^ AT(K) 
mole fraction) 
j^-Range Relaxation time T J^(S) 




























































AG„ (IcJ mol“^) 







































-5 + 3 - 
-3 + 3 
-4±2 
0.4±3 
p.3 + 3 







BLE IV-3 c Dielectric Relaxation: Parameters of l-Hexanol in 
Diethyl ether solution 
Alcohol AT(K) 
ole fraction) 
l^-Range. Relaxation time ^ s) 













































































200 K 300 K ()cj 
mol ) 
15.3 15-9, ... 1410.4 -7±2 
16.7 16.9 1611 ' -316 
18.0 17.4 1910.5 712 
19.1 18,6 2010,6 6+2 
20.3 19.0 2310.8 l3l3 
21.5 19.7 2510.7 1813 
23.3 20.4 2911.0 2914 





PABLE IV- 3d; Dielectric Relaxation Parameters of 1- Octanol in Diethyl ether solution 
Alcohol 
lole fraction) 
AT(K) j^-Range Relaxation time s) 
‘ 150 K 200 K 300 K 
A6„ (IcJ mol 
B 
















































































































. 10 + 5 
25+0.7 19+3 





■ABLE lV-3e: Dielectric,Relaxation Parameters of 1- Decanol in Diethyl Ether Solution 
Alcohol AT(K) 
mole fraction) 
jg-Range Relaxation time "5 j^(s) 
150 K 200 K 300 K 
AG_ (kJ mol""^) 
E.. 































2.8x10"^ 8.8x10“® 2.5x10^ 
4.6x10“^ 1.5x10“^ 4.2x10 
10 
-10 
2x10“^ 3.3x10“^ 5x10“^® 
l,lxlb“®9.3xl0 ^ 7x10“^° 
7.7x10"® 2.9x10"® '-^V7xl0"®® 
3.2x10"^ 7AlxlO"® 
1.4x10 
22. 8 21. 3 18. 3 









27 + 0. 8 30 + 3 
27 + 0.8 : 2513^ 
30+0.6 35+2 
34+1 
41 + 3 
43 + 4 
38+1.2 54+4 
59±12 
A I, 21 
TABLE: V-fa: Dielectric Relaxation Parameters of Methanol in toluene solution 
Alcohol ^T{k) 
(mole fraction) • 
4-Range Relaxation time, (s) 
150 K 200 K t 300 K 
AG_ (kJ mol ) 
**-.V'ji •. Cl 



























































































































19 + 2 

















CABLE ; V-lb : Dielectric Relaxation Parameters of Methanol in P-Cymene Solution 
Alcohol 
mole fraction) 
AT(K) V j^-Range Relaxation time AG„ (kj mol~^) 
E . 



































































































22 + 1 
19±0.7 














’ABLEIV - I'c; Dielectric Relaxation Parameters of Methanol in Dichloromethane solution 
Alcohol AT(K) 
mole fraction) 
jQ-Range Relaxation time C'T '(s) 
% ^ 
150 K 200 K 300 K 
■ AG_ ()cJ mol ) 
E ■ ■ ; ' 































0.79-0.86 5.5X10“® 1.8X10~^ 5X10“^^ 
0.82-0.87 4.5X10 ® 1.7X10 ® 5.’7X10~^^ 
8 
0.83-0.90 3.8X10 1.5X10 5.3X10 : 
-11 
0.83-0.92 3,1X10 ® 1.3X10 ® 4.6X10 
0.88-0.94 2.3X10 ® 1.0X10“^ 4.2X10"^^ 
0.87-0.93 2.2X10“® 0,8X10 ^ 2.8X10 






14.8 14.7 14.7 
14.4 
14.3 14.2 14.1 
13.9 









TABLE y - 2a; Dielectric .Relaxation Parameters cjf Methanol in Diethyl ether solution 
Alcohol AT(K) 
(mole fraction) 
^-Range Relaxation time TJ^(S) 
.150 K 200 K 300 K 
AG_ (kJ mol ) 



























0.61-0.76 3.6xl0~® 2.6x10“^° 1.6xl0"^^ 
0.70-0.84 5x10"^ 2.9xip“^° 1.5xl0“^^ 
0.76-0.86 6x10"^ 3.6xl0"^“ 1.8xl0"^^ 
0.78-0.87 8x10"® 4.4xl0"^° 2.2xl0"^^ 
0.78-0.93 10.5x10"^ 5.9xl0“^° 2.9xl0~^^ 
0.77-0.90 15x10“^ 6.8x10"^° 2.7xl0“^^ 


































iLE V - 2b t Dielectric Relaxation Parameters of Methanol in Di-n-butyl ether solution 
Alcohol 
»le fraction) 
AT(K) /3-Rahge Relaxation time j?, (s) 
-V .: t ■■ 
150 K 200 K 300 K 
(kJ mol‘^) 



































0.55X10"^ 14.4X10"^“ 33.2X10"-^ 
0.5X10"’ 16.1X10"^“ • 46.9X10“^^ 
0.63X10"’ 17,6X10"^® 43.2X10"^^ 
0.65X10 ’ 17.2X10"^® 40.5X10"^^ 
0.49X10"’ 15.5X10"^® 43.8X10"^^ 
0.37X10"’ 13.6X10"^® 44.1X10"^^ 
1,8X10"® lO.lXlO"^® 50X10"^^ 
15.0 14.5 13.3 
14.9 14.6 14.2 




















ABLE v-2c: . Dielfictnic Relaxation .Parameters of Methanol in Pyridine solution 
Alcohol AT(K) 
Die fraction) 
/3-Rahge Relaxation time 
150 K 200 K 300 K 
AG_ (kJ mol ) 






















173-199 0.79-0.87 2.6X10“® 3.7X10“^° 4.6X10“^^ 
166-199 0.75-0.90 3.1X10“® 3.9X10“^° 4.3X10"^^ 
163- 97 0.74-0.90 3.8X10“® 3.6X10“^° 3.1X10“^^ 
171- 200 0.84-0..93 2.6X10"® 4.4XlO"^® 6.7X10"^^ 
172- 197 0.87-0.95 2.5X10'® 4.8X10"^® 8.5X10"^^ 
164- 94 0.84-0.95 2.5X10“® 5.2X10"^“^ 9.3X10'^^ 
168-201 0.90-0.95 2.0X10"® 6.9X10"^® ' 21X10'^^ 
176-234 0.98-1.0 1.8X10"® lO.lXlO"^® .50X10'^^^ 




14.6 12.2 7.4 
14.1 12.5 9.3 
14.0 12.6 9.9 
14.1 12.8 10.1 










TABLE: V-3: Relaxation Parameters for Methanol and Other Alcohol Mixtures in Toluene 
Alcohol mixture 
with concentration 
in mole fraction 
AT (*K) 
(200 ) 
(sec) [kJ mol”^) 
AH, AS, 
(kJ mol"^) (J K"^ mol“^) 
Methanol (0.4) + 
Toluene (0.6) 
Methanol (0.8) + 
Toluene (.2) 
Methanol (0.4) + 
Norborneol (0.4)+ 
Toluene (0.2) 
Methanol (0.4) +. 
1-Octanol (0.4) + 
Toluene (0.2) 
Methanol (0.5) + 
1-Octanol (0.5) 
Methanol (0.3) + 
Toluene (0.7) 
Methanol (0.6) + 
Toluene.(0.4) 
Methanol (0.3) + 
Norborneol (0.3) + 
Toluene (0.4) 
Methanol (0.3) + 
1- Octanol (0.3)+ \ 
Toluene (0.4) 
Methanol (0.4) + 

























































TABLEt V“3: Relaxation Parameters for Methanol and other Alcohol Mixtures In Toluene 
continued 
Alcohol mixture AT (®K) t onfli 
with concentration ' 
in mole fraction (sec) (IcJ mol ■*■) (kJ mol ■*■) 
Methanol (0.15) + 
Fenchyl 
Aloonol (0.15) + 
Toluene (0.7.) 
Methanol (0.3) + 
Toluene (0.7) 




Alcohol (0.3) + 
1-Octanol (0.7) 























Table V-4; Key Relaxation Parameters for Methanol (0.3mf) in different solvents 
Relaxation Parameters Di-n-butyl 
ether 
Pyridine Dichloromethane Toluene p-Cymene 
[A] 
AH„ (kj mol"^) 
As„ 0mol“^) 




AH„ (kJ mol“^) 
h* 
ASg (J K~^ mol"^) 
AG_ (kJ mol 
hi 

















AH„ (kJ mol 
L 
As„ (J mol“^) 
E 










Table V-5: Key Relaxation Parameters for Methanol (0.4mf) in different solvents 
Relaxation Parameters Di-n-butyl Diethyl Pyridine Dichloro- Toluene 
ether ether methane 
[Al 
AH^ (kJ mol~^) 
E 





AH„ (kJ mol 
E 




AH„ (kJ mol"^) 
h 

























Table V-6 ; Key Relaxation. Parameters for Methanol (0.5m£) in different solvents 
Relaxation Parameters Di-n-butyl Diethyl Pyridine Dichloro- Toluene P-Cymene 
ether ether methane 
lA] 
AH„ (kJ raol“^) 
E 
As„ (J K"^ mol"^) 
£< 
^S(200) (kj mol"^) 
'^1(200) 
IB] 
AH„ (kJ mol“^) 
Cl 





AH„ (kJ mol"^) 
Cl 




























TABLE VI - 1: Comparison cf the Enthalpies of Activation (4H^) Obtained by our study with those of 





1- 2- 3- 4- 1- 2- 3- 4- 1- 2- 3- 4- 





























ABLE: Vl-2a Dielectric Relaxation Parameters of 1 - Heptanol in Toluene Solution 
Alcohol AT(K) 
mole fraction) 
j3’-Range Relaxation time 7.TJ^(S) 
150 K 200 K 300 R 
AG_ (kj mol ) 
IS 
150 K 200 K 300 K 
A As, 
(kJ (J K“^ 





































































27.2 24.2 18.2 
28.5 25.3 18.8 
29.0 25.9 19.6 




36+0.6 ' 63+8 
36 + 2 
38 + 2 
39 + 1 
38 + 1 
S’S+l 
60 + 6 
65 + 6 
63 + 5 
5714 
37+0.4 55+2 




^BLE; vl-2b Dielectric Relaxation Parameters of 2-Heptanol in Toluene Solution 
Alcohol AT(K) 
lole fraction) 
l^-Range Relaxation time TJ^(S) 
150 K 200 K 300 K 
AG_ (kJ mol ^) 
E^ 




























0,66-0.73 3.9x10"^ 6.0x10“^ 0.84xl0"^° 
0.74-0.79 l.Oxlo"^ 1.2x10 ^ 
0.76-0.82 2.7x10 -2 2.3x10 
-6 
0.78-0.89 1.4x10 ^ 7.8x10 ® 
0.76-0.90 3.5x10"^ 1.5xl0"^ 













28.9 24.5 15.6 
30.1 25.6 16.6 
31.4 26.7, 17.5 
32.2 27.7 18,7 
33.4 28,7 19.4 
34.6 29.8 20.3 
36.1 31.1 21,0 
42+0.8 89+3 
44 + 0'.6 90 + 2 









TABLE: Vl-2c; Dielectric Relaxation Parameters of 3-Heptanol in toluene solution 
Alcohol 
(mole fraction) 
AT(K) -Range Relaxation time TJ^(S) 
150 K 200 K • 300 K 
AG„ (kJ mol 






(J K "• 
mol 
3-Heptanol (0.4) - 245-267 
3-Heptanol (0.5) ■ 246-274 
3-Heptanol (0.6) 250-278 
3-Heptanol (0.7) 261-290 
3-Heptanol (0.8) ' 265-296 
3-Heptanol (0.9) 268-296 





































































45 + 3 
50 + 4 
56 + 3 
55 + 3 
' 60±6 







IRBLE: Vl-2d; Dielectric Relaxation Parameters of 4-Heptanol in Toluene Solution'. 
Alcohol AT(K) 
(mole fraction) 
j3-Range Relaxation time TJ^(S) 
150 K 200 K 300 K 
AG_ (kJ mol 
E 






4-Heptanol (0.4) 245-266 
4-Heptanol (0.5) 247-271 
4-Heptanoi (0.6) 254-277 
4-Heptanol (0,7) 261-2^ 
4-Heptanol (0.8) 262-296 
4-Heptanol (0.9) 270-298 




































































42 + 2 
45±3 
52 + 3 




84 + 8 
91±9 
110 + 9 
117 + 8 
114 + 9 
) 
AI.37 
IBLE; Vl-3a Dielectric Relaxation Parameters of 1-Octanol in Toluene Solution. 
Alcohol AT(K) 
Hole fraction) 
jfJ-Range Relaxation time 
150 K 200 K 300 K 
A G„ (kJ mol 






















































































42 + 1 





75 + 4 
77 + 5 
79 + 12 
68±4 
61 + 2 
59 + 3 
50 + 3 
AI . 38 
i^BLE: Vl-3b; Dielectric Relaxation Parameters of 2-Octanol in Toluene Solution. 
Alcohol AT(K) 
nole fraction) 
-Range Relaxation time 
150 K 200 K 300 K 
AGg (kj mol 







2-Octanol (0.4) 245-268 0.59-0.64 
2-Octanol (0.5) 253-273 0.66-0.70 
2-Octanol (0.6) 253-283 0.63-0.78 
2-Octanol (0.7) 253-290 0.62-0.78 
2-Octanol (0.8) '253-295 0.60-0.82 
2-Octanol (0.9) 253-299 0.59-0.83 


























































53 + 3 
49 + 4 
47±0.8 
50 + 2- 
51±2 
55 + 4 
52 + 3 
130+12 
110+16 




105 + 9 
liBLE: Vl-3c; Dielectric Relaxation Parameters of 3-Octanol in Toluene Solution. 
Alcohol AT(K) 
nole fraction) 
j^-Range Relaxation time T j^(s) 
150 K 200 K 300 K 
AG„ {kJ mol 
E 




























































37 + 2 
42±4 
44 + 2' 
51 + 2 
3 + 23 
57 + 8 
75 + 15 
79 + 6 
100 + 8 
BLE Vl-3d; Dielectric Relaxation Parameters of 4-Octanol in Toluene Solution, 
Alcohol AT(K) 
ole fraction) 
j^-Range Relaxation time T ^(S) 
150 K 200 K 300 K 
AG_ (kJ mol“^) 
• Jl» 












































































45 + 3 , 
50 + 2 










ABLE Vl-4a; Dielectric Relaxation Parameters of 1-Decanol in Toluene Solution. 
Alcohol AT(K) 
mole fraction) 
P-Range Relaxation time ^ (s) 
150 K 200 K 300 K 
AG^ (kJ raol"^) 
E 




















































































43 + 1 
42±2, 
41+0i6 
41 + 1 
41 + 3 
85±18 
7715 
76 + 5 
69+6 
64 + 2 
63 + 4 
59112 
[JE VI-4b: Dielectric Relaxation Parameters of 2-Decanoi in Toluene boiurion. 
Alcohol 
le fraction^ 
ATIK) jg-Range Relaxation time 































































()cJ (J K"^ 
mol mol. 




51+2 ' 109+2 
48+0.9 95+3 
AI.43 
.BliE VI-4C: Dielectric Relaxation.Parameters of 3-Decanol in toluene solution 
Alcohol AT(K) 
lole fraction) 
j(9-Range Relaxation time t'^(s) 
150 K 200 K 300 K 
AG_ (kJ mol ) 
E 












































































43 + 2 
44+0.8 
49 + 3' 
55 + 2 
57 + 5 
77+14 
84+7 
85 + 3 
99 + 9 
114 + 8 
119+18 
AI.44 
ABLE VI-4d: Dielectric Relaxation Parameters of 4-Decanol in toluene solution 
Alcohol AT{K) 
mole fraction) 
-Range Relaxation time’ 










































AG ()cJ mol"^) 
E. ■ 
150 K 200 K 300 K ()cj (J 
mol ^) mol ^) 
27.7 24.1 17.0 
30.0 25.9 17,9 
31.2 27.0- 18.8 
33.1' 28.6 19,6 
36.5 31.0 20.3 
38±2 71+9 
42+3 ' 81±10 




TABLE VI-5: The Dielectric relaxation parameters.for the isomeric alcohols' at 0.6 MF of• Alc.ohol Concentration.. 
1- 2- 3- 4- 1- 2- 3- 4- 1- 2- 3- 
heptanol heptanol heptanol heptanol octanol octanol octanol octanol decanol decanol decanbl 
{kj mol 








(kJ mol ") 
20 18 16 17 
1(300)^®* ..4xl0'"^° 2x10“^® -.--.n-lO 1x10 '1x10 
(kJ mol 
43 4.7 37- 37 
{J K“^ mol”^) 
79 99 57. 69 
'^‘^£(300) 
(kJ mol“^) 
20 17 . 20 17 









1- 2- 3- 4- 1- 




















43 50 43 38 
76 112 84 71 
20 16 18 17 
5xl0~^° 1x10"^° 2xl0~^° 2x10“^° 
TABLE VI-6; The- Di-elect’ric Relaxation Parameters for the Isomeric Alcohols at 0;7 MF of Alcohol Concentration. 
Relaxation 1- 2- 3- 4- 1- 2- 3- 4- 1- 2- 3- 4- 
















19 18 18 
3xl0"^° 2x10 2x10“^° 
(kJ mol 
41 50 42 42 
(J K'^ mol"^) 




20 18. 20 17 
■'1(300)*®’ 6xk)"^° 2X]D"^° 4x10"^° 2x10“^® 
AI.48 
TABLE vy-6: The Dielectric Relaxation Parameters for the Isomeric Alcohols at 0.7MP of Alcohol Concentration. 
CONTINUED 
Relaxation 1~ 2- 3- 4- 1- 2- 3- 4- 1- 2~ 3- ■ 








47 49 44 
69 105 85 
21 18 19 







'ABLE Vf-1: The dielectric relaxation parameters for the isomeric Alcohols'at 0.8 MF of Alcohol Concentration. 
relaxation. 1- 2- 3- 4- 1- 2- 3- 4- 1- 2- 3- 
;>araineter heptanol heptanol heptanol heptanol octanol octanol octanol octanol decanol decanol decanbl 
AH. 
(kJ mol ) 37 47 50 52 
(J K“^ mol"^) 93 
104 110 
^^^(300) 
(kJ mol ■") 
21 19 19 19 
■^1(300)^^* 7X16"^° 4x10 3x10"^° 3x10 
(kJ mol 









21 19 20 18. 





TABLE Vf-li The dielectric relaxation parameters for the isomeric Alcohols at 0.8 MF 'of Alcohol Concentration. 
CONTINUED 
Relaxation 1- 2- 3- 4- 1- 2- 3- 4- 1- 2- 3- 
Parameter heptanol heptanol heptanol heptanol octanol octanol octanol octanol decanol . decanol decanol 
^«E 
(kJ mol 




41 50 49 
64 105 99 
22 18 20 
i„-10 „ . ,.-10 





























FIGURE Ill-la: Dielectric loss factor, E" versus 
temperature for methanol . 
All.2 
6 7 LOG Cf/Hz) 8 9 
METHANOL — - 
TEMP. 176 206.5 
DEC. K O * 
FIGURE rri-lb: Dielectric loss factor, e" versus 




6 MHz to 1000 MHz 
0 
e' 
METHANOL. OEG. K= 176 
50 
Cole-Cole plot for methanol 
at 176 K. 
FIGURE 111^1c: 
Air.4 
METHANOL. DEG. K= 206. 5 




















FIGURE III-2a: Dielectric loss factor E" versus 
temperature for 1-butanol. 
1-BUTANOL 
TEMP. 248 280.8 
□EG. K O • 
FIGURE rri-2b: Dielectric loss factor, e" versus log 
frequency for 1-butanol.. 




DEG. K= 248 
32 
FIGURE 111-2c: Cole-Cole plot for 1-hutanol 




6 MHz to 1000 MHz 
0 
e' 
1-BUTANOL, DEG. K= 280.9 
20 
FIGURE III-2d; Cole-Cole plot for 1-butanol 
at 280.9 K. 
All, 9 
(U 
235 241 247 253 259 265 271 277 283 289 295 







las. 6 501. Z 
FIGURE iri-3a: Dielectric loss factor, e” versus 
temperature for 1-hexanol. 
1-HEXANQL 
TEMP. 264.4 292.9 
DEC. K O • 
FIGURE rir^3b; Dielectric loss factor, E" versus log 




6 MHz to 1000 MHz 
/ 
• » ' t  ■» '■ t i 1 !-■■■»■ — f - t >'■ t t I  
0 , 20 
e' 
l-HEXANOL. DEG. K= 264. 4 
FIGURE rn-3c; Cole-Cole plot for 1-hexanol 
at 264.4 K. 
12 
e" 
6 MHz to 1000 MHz 
0 
E' 
1-HEXANOL. DEG. K= 292.9 
16 
FIGURE rrr^3d: Cole-Cole plot for 1-hexanol 
at 292.9 K. 
AIIJ3 
FIGURE rn>4a Dielectric loss factor, e" versus 
temperature for l^octanol. 
AII„14 
 1-OCTANQL   
261.9 0 308.8 # 
FIGURE rr1-4b: Dielectric loss factor, e" versus log 
frequency for 1-octanol. 
6 MHz to 1000 MHz 
0 
G' 
1-OCTANOL. DEG. K= 261.9 
12 
FIGURE rri>4c; Cole-Cole plot for Koctanol 
at 261.9 K. 
AIIJ6 
g 
l-OCTANQL. DEG. K= 308.8 
FIGURE rrr-4d: Cole-Cole plot for 1-octanol 
at 308.8 K, 
All.17 
1-DECANOL 
FREQ. O 0 E> 
MHz 10. S 109.6 501.2 
FIGURE rrr-5a: Dielectric loss factor, e'' versus 
temperature for 1-decanol. 
1-DECANQL 
TEMP. 280 306.3 
□EG. K O • 
FIGURE IIT^Sb; Dielectric loss factor, E" versus log 
frequency for 1-decanol. 
6 MHz to 1000 MHz 
/ 
1-DECANOL. DEG. K= 280 
FIGURE rn-5c: Cole-Cole plot for 1-decanol 
at 280 K. 




1-OECANQL. DEG. K= 306.3 
FIGURE rir-5d: Cole-Cole plot for 1-decanol 

























□ 2 4 6 a 10 
No. of methylene groups 
FIGURE II I^6a; Relaxation time, TI , at 300 K 
as a function of the number of 
methylene groups (n) in the 
general formula, CH3(CH2)^0H 











2 4 6 a 10 
No. of msthylene groups 
FIGURE III-6b; Enthalpy of activation, AH^, as a 
function of the number of methylene 



















10 20 30 40 50 
Enthalpy CkJ/moD 
FIGURE. 11X^7; Plot of entropy of activation, AS^, 
versus enthalpy of activation, AH^, 
for the liquid 1-alkanols. The numbers 














O our data 
□ »- Garg & Smyth's 
data. 
FIGURE rrr^Sa: Cole-Cole plot for 1-hexanol 



















O our data 
Q »- Garg & Smyth's 
data. 
FIGURE Cole-Cole plot for 1-decanol 














Garg & Smyth's 
data. 
FIGURE ri:r-8c; Cole-Cole plot for 1-dodecanol 
at 313 K. 
O our data 
□ Garg S Smyth 
data 
FIGURE rrr~9a; Dielectric loss factor* e" 
versus log frequency for 












6 7 8 9 
log f (Hz) 
our data. 
Garg & Smyth's 
data. 
FIGURE rrr^9b: Dielectric loss factor, E 
versus log frequency for 


















6 7 a 9 
log f (Hz) 
O ^ our data 
□ i- Garg & Smyth's 
data. 
FIGURE ril-9c; Dielectric loss factor, e 
versus log frequency for 
1-dodecanol at 313 K. 
All.30 
O »■ our data 
□ > Garg & Smyth's 
data. 
f • 
A »- Bottcher et al.'s 
data. 
0 2 4 6 8 10 
No. of methylene groups 
FIGURE rrr^lQ; Enthalpy of activation, 
as a function of the number 
of methylene groups for the 
liquid l-alkanols. 
AIL31 
O- >■ our data 
□ >- Garg & Smyth's 
data. 
□ 2 4 6 8 10 
No. of mothylene groups 
FIGURE III-11 : Entropy of activation, AS^, 
as a function of the number 



















O —^ our data 
□ - >- Garg & Smyth's 
data. 
FIGURE rrr^l2: Relaxation time, TI, at 293 K 




□ > Garg & Smyth' s 
data. 
4 6 a 10 
of methylene groups 
FIGURE Iir-13: Free energy of activation, 4G^, 
at 293 K as a function of the 
number of methylene groups. 
All.34 
FIGURE rrr-14a: Principal relaxation time, xp, 
and macroscopic viscosity, n, 
at 293 K as a function of the 
number of methylene groups Cn) 




FIGURE in-14b; xi/n Cns cP"i} at 293 K as 
a function of the number of 
methylene groups for liquid 
1-a 1kanols . 
METHANOL C. 5MF) IN 1-HEPTANE 
TEMP. 18B.3 ED3.8 
□EC. K O • 
FIGURE IV-1: Dielectric loss factor, e" versus log 
frequency for 0.5 mole fraction of 
methanol in 1-heptane solution. 
6 7 LOG Cf/Hz) 8 9 
1-BUTANOL C. 5MF) IN 1-HEPTANE 
TEMP. 237.5 261.1 
□EG. K O • 
FIGURE IV-2: Dielectric loss factor, e" versus log 
frequency for 0.5 mole fraction of 
1-butanol in 1-heptane solution. 
6 7 LOG Cf/Hz) 8 
1 -HEXANOL C. 5MF) IN 1 -HEPTANE 
TEMP. 239.6 282.3 
DEG. K O • 
FIGURE IV-3: Dielectric loss factor, e" versus log 
frequency for 0.5 mole fraction of 
1-hexanol in 1-heptane solution. 
1-OCTANOL C. 5MF) IN 1-HEPTANE 
TEMP. 257.7 276.7 
DEC. K O • 
FIGURE IV-4: Dielectric loss factor, e" versus log 
frequency for 0.5 mole fraction of 
1-octanol in 1-heptane solution. 
1-DECANOL C. 5MF) IN 1-HEPTANE 
TEMP. 272. S 293.7 
OEC. K O • 
FIGURE tV-5: Dielectric loss factor, e" versus log 
frequency for 0.5 mole fraction of 









6 7 LOGCf/Hz) 8 9 
METHANQLC. 5MF) IN TOLUENE 
202.8 TEMP. i88.6 
□EC. K O 
FIGURE IV^6; Dielectric loss factor, e” versus log 
frequency for 0.5 mole fraction of 
methanol in toluene solution. 
6 
1-BUTANOL (. 5MF) IN TOLUENE 
TEMP. 226.6 260 
DEG. K O   • 
FIGURE IV-^7: Dielectric loss factor, e” versus log 
frequency for 0.5 mole fraction of 
1-butanol in toluene solution. 
AII«43 
1-HEXANOL (. 5MF) IN TOLUENE 
TEMP. 233.4 262 
DEC. K O • 
FIGURE rv^8: Dielectric loss factor, e" versus log 
frequency for 0.5 mole fraction of 
1 -h ex a n 01 in toluene solution. 
1-OCTANOL (. 5MF) IN TQLUENE 
TEMP. 257.6 282.3 
DEC. K O • 
FIGURE rv^9: Dielectrtc 1 oss factor, e” versus log 
frequency for 0.5 mole fraction of 
1-octanol in toluene solution. 
All.45 
1-DECANQL (. 5MF) IN TOLUENE 
TEMP. 268 292.9 
□EG. K O • 
FIGURE IV^IO: Dielectric loss factor, e" versus log 
frequency for 0.5 mole fraction of 
1-decanol In toluene solution. 
METHANOL (. 5MF) IN ETHYL ETHER 
TEMP. 150.5 170.5 
□EG. K O • 
FIGURE 1; Dielectric loss factor, e" versus log 
frequency for 0.5 mole fraction of 
methanol in ethyl ether solution. 
AIL47 
l-BUTANQLC. 5MF) IN ETHYL ETHER  
TEMP. 194.6 227. 1 
□EG. K O • 
FIGURE rV-12: Dielectric loss factor, e- versus log 
frequency for 0.5 mole fraction of 
1-butanol In ethyl ether solution. 
All.48 
i-HEXANQL C. 5MF) IN ETHYL ETHER 
TEMP. 211.9 240.8 
OEG.K O • 
FIGURE IV"13: Dielectric loss factor, E versus log 
frequency for 0.5 mole fraction of 
1-hexanol in ethyl ether solution. 
1-OCTANOL C. 5MF) IN ETHYL ETHER 
TEMP. 247.4 260.6 
DEC. K O , • 
FIGURE IV'^14: Dielectric loss factor, e" versus log 
frequency for 0.5 mole fraction of 
1-octanol in ethyl ether solution. 
6 7 LOG Cf/Hz) 8 9 
1-DECANOLC. 5MF) IN ETHYL ETHER 
TEMP. 271 293 
□EG.K O  • 
FIGURE iri-15; Dielectric loss factor, e" versus log 
frequency for 0.5 mole fraction of 
l-decanol in ethyl ether solution. 
All.51 
Solid lines from Figures IV-16 to 
IV-T9 represent the corresponding 
theoretically calculated TI values 
using Equation 6 of Chapter IV. 




FIGURE IV-16.a: Principal relaxation times, 
T,2 versus mole fraction of 
methanol, in toluene solution. 
AIL52 




_ 200 K 
""^225 K 
T 
^ 293 K 
FIGURE IV-16b; Principal relaxation times, 
Tj versus mole fraction of 
methanol, in ethyl ether 
solution. 
All,53 





FIGURE IV-17a: Prtnctpal relaxation ttmes, 
r-i versus mole fraction of 
1-alkanol, in 1-heptane 




FIGURE IV^17b; Principal relaxation times, 
Tj versus mole fraction of 
1-alkanol, in 1-heptane 






Cone. Cmf) of 1-olkonol 
FIGURE 7c: Principal relaxation times, 
T, versus mole fraction of 
ii 
1-alkanol, in 1-heptane 




















Cone.(mf) of 1-olkonol 
A ^ 1 
V—^ 1 
□ —»- 1 
O 
FIGURE TV-T8a; Principal relaxation times, 
Tj versus mole fraction of 
1-alkanol, in toluene solution 







Cone, (mf) of 1-olkonol 
FIGURE IV-T8b; Principal relaxation times, 
Tj versus mole fraction of 
1-alkano1, in toluene solution 










FIGURE IV-T8c: Principal relaxation tiimes, 
Tj versus mole fraction of 
1-alkanol, in toluene solution 




FIGURE IV-19a: Principal relaxation times, 
Tj versus mole fraction of 
l-a1kanol, in ethyl ether 






Cone, (mf) of 1-olkonol 
FIGURE rv^l9b: Prtnctpal relxatron times, 
Tj versus mole fraction of 
l-alkano1, in ethyl ether 










FIGURE rv-]9c: Principal relaxation times, 
versus mole fraction of 
1-alkanol, in ethyl ether 
solution at 293 K. 
AH.62 
Solid lines from Figures IV-20 to IV-22 represent the 
correspond!ng least square fittings for the experimental 
data points. 
The symbols used for different alcohols from Figures 
rV-20 to rV-23 are: 
A —»- Methanol 
V —>■ 1-Butanol 
□ —>- 1 -Hexanol 
O—1-Octanol 
O—1-Decanol 
FIGURE IV-20a: Enthalpy of activation (AH^) 
as a function of alcohol mole 
fraction, in 1-heptane solution. 
70- 
FIGURE IV-20b: Entropy of activation (AS^) 
as a function of alcohol mole  
fraction, in 1-heptane solution. 
AH„64 
FIGURE IV-21 a: Enthalpy of activation CAH^) 
as a function of alcohol mole 
fraction, in toluene solution. 
Cone, (mf) of 1-olkonol 
FIGURE IV-21b: Entropy of activation (AS^) 
as a function of alcohol mole 
fraction, in toluene solution. 
All.66 
Cone, (mf) of 1-alkanol 
FIGURE IV-22a; Enthalpy of activation (AH^) 
as a function of alcohol mole 
fraction, in diethyl ether 
solution. 
65 
FIGURE rv-22b: Entropy of activation (AS^) 
as a function of alcohol mole 
fraction, in diethyl ether 
solution. 
All.68 
F TGURE IV-23a; LriT as a function of alcohol 
mole fractton, in 1-heptane 
solution at T = 300° K. 
Cone, (mf) of l-olkonol 
FIGURE rV-23b: Lnx as a function of alcohol 
mole fraction, in toluene 
solution at T = 300°K. 
FIGURE rV-23c; Lnr as a function of alcohol 
mole fraction, tn diethyl 
ether solution at T = 30Q°IC. 
AII«71 
METHANOL (.5MF)/DICHLDROMETHANE 
TEMP. 189.6 196.2 2DS. 7 
□EG. K O • > 
FIGURE V-1a: Dielectric loss factor, e" versus log 
frequency for 0.5 mole fraction of 

















FIGURE V-lb: Dielectric loss factor, e” versus temperature 
C°K) for 0.5 mole fraction of methanol in 
dlchioromethane solution. 
AII„73 
FIGURE V-1c: Cole-Cole plot for 0.5 mole fraction 
of methanol in dichioromethane solution 
at T = 189.6°K. 
All.74 
FIGURE V-1d: Cole-Cole plot for 0,5 mole fraction 
of methanol In dichioromethane solution 
at T = 205.7°K, 
All.75 
0 a 12 
METHANOL C. 5MF) /P-CYMENE. DEG. K= 205. 2 
FIGURE V-2a: Cole-Cole plot for 0.5 mole fraction 
of methanol In P-Cymene solution at 
T = 205.2°K. 
kllJS 
g "t -I ' I ' ' !■ ' ' I 
6 MHz to 1000 MHz 
12 
METHANOL (. 5MF)/P-CYMENE. DEG. K= 223 
FIGURE V-2b: Cole-Cole plot for 0.5 mole fraction 
of methanol tn P-Cymene solution at 
T = 223°1C, 
All.77 
FIGURE V-3a; Cole-Cole plot for 0,5 mole fraction 
of methanol in diethyl ether solution 
at T = 159.g°K. 
All.78 
FFGURE V-3b; Cole-Cole plot for 0.5 mole fraction 
of methanol tn diethyl ether solution 
at T = 176.5°K. 
AIIo79 
METHANOL (. 5)/DI-1-BUTYL ETHER 
TEMP. 200. i 229 
DEC. K O • 
FIGURE V-4a: Dielectric loss factor, e" versus log 
frequency for 0.5 mole fraction of 
methanol in di-h-butyl ether solution. 
All.80 
METHANOL (, 5)/DI-l-BUTYL ETHER. DEG“ K= 
FfGURE V-4b: Cole-Cole plot for 0.5 mole fraction 
of methanol in di-h-butyl ether solution 




6 MHz to IGOQ MHz 
0 12 
METHANOL C. 5)/DI-l-BUTYL ETHER. DEG. K= 229 
FIGURE V-4c: Cole-Cole plot for 0.5 mole fraction 
of methanol in di-n-butyl ether solution 
at 229 K. 
The symbols used for methanol in different solvents 
from Figures V-5 to V-8 are: 
A  >■ Methanol in P-cymene 
7 —>- Methanol in toluene 
□ Methanol in dichioromethane 
O »■ Methanol in diethyl ether 
O'—Methanol in di-n-butyl ether 
>■—>- Methanol in pyridine 
FIGURE V-5a: Relaxation times (TI) versus 
mole fraction of methanol, in 
different weakly interacting 
solvents at 200 K. 
All,83 
FIGURE V-5b: Relaxation times (TJ) versus . 
mole fraction of methanol, in 
different strongly interacting 
solvents at 200 K. 
All.84 
Cone. Cmf) of methanol 
FIGURE V-6a: Free energy of actfvatTon (AG^) 
versus mole fraction of methanol, 
in different weakly interacting 
solvents at 200 K. 
Cone. Cmf) of methanol 
FIGURE V-6b; Free energy of activation 
versus mole fraction of methanol, 
in different strongly interacting 
solvents at 200 K. 
All.86 
FIGURE V-7a: Enthalpy of activation C^H^) 
versus mole fraction of methanol, 
in different weakly interacting 
sol vents. 
AII.87 
Cone. <mf) of methanol 
FIGURE V-7b;. Enthalpy of activation (AH^) 
versus mole fraction of methanol, 
in different strongly interacting 
sol vents. 
Cone. <mf) of methanol 
FIGURE V-8a: Entropy of activation (AS^) 
versus mole fraction of methanol, 
in different weakly interacting 
solvents. 
AII.89 
Cone.(mf) of methanol 
FIGURE V-8b; Entropy of activation (AS^) 
versus mole fraction of methanol, 
in different strongly interacting 
sol vents. 
All.90 
l-HEPTANOL C. 6MF) IN TOLUENE 
TEMP. Z3B. 3 2S0.2 
DEC.K O ^  • 
FIGURE VI-la: Dielectric loss factor, e" versus log 
frequency for 0.6 mole fraction of 
1-heptanol in toluene solution. 
All.91 
g 
e / i 




1-HEPTANQL C. 6MF) IN TOLUENE. DEG. K= -238.-3— 
FIGURE VI>lb; Cole-Cole plot for 0.6 mole fraction 









1-HEPTANOLC BMF) IN TOLUENE. DEG. K= 280. 2 
FIGURE VI"!c; Cole-Cole plot for 0.6 mole fraction 
of 1-heptanol in toluene solution at 
280.2 K. 
All.93 
2-HEPTANOL C. 6MF) IN TOLUENE 
TEMP. 2S3.Z 272.5 
DEC. K O • 
FIGURE VI~2a; Dielectric 1oss factor, E" versus log 
frequency for 0.6 mole fraction of 
2-h.eptanol in toluene solution. 
AH. 94 
2-HEPTANOL (. 6MF) IN TOLUENE. OEG. K= Z53: 2 
FIGURE vr-2b; Cole-Cole plot for 0.6 mole fraction 
of 2-heptanol in toluene solution at 
253.2 K. 
All.95 
2-HEPTANOL C 6MF) IN TOLUENE. DEG. K» 272.5 
FIGURE VI-2c; Cole-Cole plot for 0,6 mole fraction 
of 2-heptanol in toluene solution at 
272.5 K. 
AII»96 
4-HEPTANGL <. BMF) IN TOLUENE 
TEMP. 248.2 277.3 
□EC. K O • 
FIGURE Vr-3a: Dielectric loss factor, e" versus log 
frequency for 0.6 mole fraction of 
4-heptanol in toluene solution. 
All.97 
4-HEPTANOL C. 6MF) IN TOLUENE. DEG. K= 248.2 
FIGURE VI-'3b: Col e-Col e pi ot for ;Q,6 mole fraction 
of 4-fieptanol tn toluene solution at 
248.2 fC. 
All.98 
FIGURE VI-3c; Cole^Cole plot for 0.6 mole fraction 
of heptanol in toluene solution at   
277.3 K. 
1-OECANOL C. 6MF> IN TOLUENE 
TEMP. 272.3 297.7 
DEG. K O • 
FIGURE VI-4a; Dielectric loss factor, e" versus log 
frequency for 0,6 mole fraction of 
1-decanol in toluene solution. 
AIIJOO 
1-DECANOL (. 6MF) IN TOLUENE. OEG. K« 272.9 
FIGURE VI-4b; Cole-Cole plot for 0.6 mole fraction 
of 1-decanol in toluene solution at 
272.9 K. 
All,101 
1-DECANOL (. 6MF) IN TOLUENE. OEG. K= 297. 7 
FIGURE Vr^4c; Cole-Cole plot for 0.6 mole fraction 
of 1-decanol in toluene solution at 
297.7 K. 
AIIJ02 
3-DECANOL (. 6MF) IN TOLUENE 
TEHT. 284 287 
OEC. K O • 
FIGURE YI-5; Dielectric loss factor, e" versus log 
frequency for 0.6 mole fraction of 
3-decanol in toluene solution. 
All. 103 
The symbols used for different alkanols in toluene from 
Figures VI-6 to VI-9 are: 
A —^ 1-alkanol 
7 —2-alkanol 
□ —»■ 3-alkanol 
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FIGURE VI-6a: Relaxation times CTI) versus mole 
fractions of l-,2-,3- and 4-heptanols, 
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FIGURE VI-6b; Relaxation times (TI ) versus 
mole fractions l-,2-,3- and 
4-octanols, in toluene solution 
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FIGURE V I-6 c ; Relaxation times [xil versus 
mole fractions of l-,2-,3- and 
4-decanols, in toluene solution 
at 300 K. 
All j06 
Cone. <mf) of alcohol 
FIGURE VI-7a: Free energy of activation (AG^) 
versus mole fraction of l-,2-,3- 
and 4-heptanols, in toluene solution 
at 300 K. 
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FIGURE Vr-7b: Free energy of aettvatton CAG^) 
versus mole fraction of l-,2~,3- 
and 4-octanols, in toluene solution 
at 300 K. 
All.108 
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FIGURE VI-7c; Free energy of activation C.AG^] 
versus mole fraction of l-,2-,3 
and 4-decanols, in toluene solution 
at 300 K. 
Solid lines from Figures VI-8a to VI-8c represent 
the corresponding least square fittings for the 
experimental data points. 
Cone, (tnf) of alcohol 
FIGURE VI-8a; Enthalpy of activation (AH^) 
versus mole fraction of l-.Z-sS- 
and 4-heptanols, in toluene 
solution. 
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FIGURE Vr~8b; Enthalpy of activation CaH^) 
versus mole fraction of l-,2-,3- 
and 4-octanols, in toluene 
solution. 
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FIGURE VI-8c.: Enthalpy of activation (&H^) 
versus mole fraction of l-,2-,3- 
4-decanols in toluene solution. 
An-112 
FIGURE yi-9a; Entropy of acttvation (AS^} 
versus mole fraction of l-,2-,3^ 
and 4-heptanols, in toluene 
solution. 
AII-113 
FIGURE vr-9b; Entropy of activatton (AS^) 
versus mole fraction of 1-,2T.,3- 
and 4-octanols,in toluene 
solution. 
Aii-n4 
FIGURE VI-9c; Entropy of acttyation CAS^) 
versus mole fraction of 
and 4-decanols, in toluene 
solution. 
A study of the enthalpies of activation (AHg) of the Hrst dispersion 
region. 
(0 1-alkanols in n-heptane: 
When the jalcohol concentration is increased from 0.3 to 1.0 MF for 1-butanol in 
n-heptane the enthalpy of activation (AHg) changes only very slightly. Similar 
behaviour is noticed for 1-hexanol and 1-octanol, except for 1-decanol whose 
energy barrier goes up from 34 to 41 kJ moi”^ with the increase in alcohol 
concentration. 
(iz) 1-alkanols in toluene: 
For methanol in toluene, the enthalpy of activation (AHg) increases from 13 
kJ mol'^ to 22 kJ mol"^. When the alcohol concentration is decreased. The same 
type of behaviour is also prevalent for 1-butanol in toluene where a difference in 
energy barrier of ~6 kJ mol'^ is noted between the pure and diluted states of alcohol. 
This difference, however, is only 1 to 3 kJ mol"^ when the behaviour of long chain 
alcohols in toluene is studied. 
(ill) 1-alkanols in diethvl ether 
A different kind of behaviour is observed for these systems. There is 
hardly any change in enthalpy of activation (AHg) for methanol (which has no chain 
at all) when its concentration in diethyl ether is increased from 0.3 MF to 1.0 MF. 
For the other 1-alkanols with chains, the AHg values increase steadily with the 
increase in alcohol concentration in diethyl ether. 
It is interesting to note that as the chain length is increased, the energy 
barriers (AHg) increase, especially at high alcohol concentration. However, at low 
alcohol concentrations, i.e. at 0.3 MF, an energy barrier (AHg) of ~13 kJ mol"^ is 
observed for all the alcohols, which is in fact, equivalent to the energy barrier of 
pure methanol. A similar kind of trend, i.e. the linear increase in AHg with the 
